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Status of Claims 

Claims 1-17 and 19-23 and 25-46 are pending in this application. These claims have all been 
rejected and are the claims on appeal. Claims 18 and 24 have been cancelled. 
Status of Amendments 

All amendments which Applicant has filed have been entered. 
Summary of Claimed Subject Matter 

There are four independent claims, which are claims 1, 14, 25 and 35, in the present 
application. Claims 1, 25 and 35 are method claims and claim 14 is a system claim, all of which are 
directed to the treatment varicose veins. 



Claim 1 reads as follows: 

"1 . An endo venous method of treating a varicose vein comprising 
the step of using a laser having a wavelength between about 1 .2 
and about 1.8 urn to heat and shrink collagen in a varicosed vein to 
destroy the functionality of the varicose vein." 

This method is illustrated schematically in Figures 3A-6 and in more detail" in Figures 7 and 

8. As described in paragraphs 47-50 of the application, the method comprises using a laser fiber 306 

(which has been deployed through dilator 300) into vein 202. This is described in paragraph 47 of 

the specification as follows: 



The use of a laser having a wavelength between about 1 .2 and about 1 .8 um is described in 
paragraph 52 as follows: 



/ 



"FIG. 3B is a representative view showing the use of the introducer 
or dilator 300 with the laser fiber 306 passing through the lumen 
302 of the dilator 300 and into the GSV (greater saphenous vein) 
202..." 
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"The 1.2 to 1.8 um laser wavelengths are ideally suited to penetrate 
the small amount of remaining blood in the vessel 200 but also is 
much more strongly absorbed in the vessel wall 704 by collagen. 
Most of the energy is concentrated in the wall 704 for heating and 
shrinkage and is not transmitted through to surrounding tissue 
702" 

Claims 2-13, 26, 29, 32, 37 and 41 are dependent, directly or indirectly on claim 1. Claims 2, 
3, 6, 26, 29, 32, 37 and 41 are directly dependent upon claim 1 . Claims 4 and 5 are dependent upon 
claim 3. Claims 7-9 and 12 are dependent upon claim 2. Claims 10-13 are dependent upon claim 9. 
Claim 2 recites the use of a fiber optic which is disclosed at page 13, line 19 and illustrated in Figure 
1 as element 106. Claims 3-5 are directed to the use of a pullback device which is disclosed at page 
13, line 19 and original claim 3 and illustrated in Figure 1 as element 104. Claim 6 recites the 
preliminary step of removing blood from a vein prior to treatment with laser energy, page 15, lines 
17 and 18. Claim 7 recites the use of an introducer catheter to introduce the fiber optic into the vein 
which is disclosed at page 14, lines 3-5 and illustrated in Figure 3B in which the introducer is shown 
as element 300. Claim 8 is directed to the use of a diffusing tip fiber optic which is disclosed at page 
18, line 4 through page 20, line 2 and illustrated in Figures 9 A, 9B and 9C. Claims 10-13 are 
directed to the use of a thermal sensor which is described at page 16, line 13 through page 18, line 2 
and illustrated in Figure 6 in which the thermal sensor is shown as element 600. Claim 26 recites 
that the laser energy has a wavelength of about 1 .32 um which is disclosed at page 12, line 23, page 
16, line 2, 20, line 16, page 20, line 24, page 22, line 5 and page 23, line 22, for example. The use of 
aNd:YAG laser is disclosed, for example, at page 16, line 1, page 24, line 2 and at page 22, line 25. 
Claim 32 recites that the laser energy preferentially heats the water in the wall of the vein which is 
disclosed at page 9 line, 10 and at page 23, lines 22 and 23, for example. Claim 41 is directed to 
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heating the target chromophore to a temperature not greater than 85° C which is disclosed at page 8 5 



Claim 14 reads as follows: 

"14. A system for endovenous treatment of varicose veins 
comprising the following: 

A laser having a wavelength between about 1 .2 and about 1 .8 um; 
and 

A fiber optic laser delivery device having a proximal end and a 
distal end, for delivery of laser energy from the distal end of the 
fiber optic laser delivery device to the inside wall of a varicose 
vein wherein the functionality of the varicose vein is destroyed and 
collagen in the varicosed vessel wall can be heated and shrunk." 

The system of claim 14 is illustrated in Figure 1 and in more detail in Figure 3B. In Figure 1, 

laser console 102 is illustrated and it is disclosed in paragraph 54 that laser 102 can be used to 

provide laser wavelengths in the 1.2 to 1.8 um region. In Figure 3B, the fiber optic laser device 306 

is illustrated and described in paragraph 47 as follows: 

"FIG. 3B is a representative view showing the use of the introducer 
or dilator 300 with the laser fiber 306 passing through the lumen 
302 of the dilator 300 and into the GSV (greater saphenous vein) 
202..." 

The function of this system to deliver energy to heat and shrink the collagen in the vessel 
wall is described as follows in paragraph 52: 



"The 1.2 to 1.8 um laser wavelengths are ideally suited to penetrate 
the small amount of remaining blood in the vessel 200 but also is 
much more strongly absorbed in the vessel wall 704 by collagen. 
Most of the energy is concentrated in the wall 704 for heating and 
shrinkage and is not transmitted through to surrounding tissue 



Claims 15-17, 19-23, 27, 30 and 33 are dependent, directly or indirectly, upon claim 14. 
Claims 15-17, 21, 27, 30 and 33 are directly dependent on claim 14. Claims 19 and 20 are 



line 14. 



702. 
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dependent on claim 17. Claim 22 is dependent on claim 21 and claim 23 is dependent on claim 23. 
Claim 15 recites a pullback device which is disclosed at page 13, line 19 and illustrated as element 
104 in Figure 1. Claim 16 recites the administration of anesthesia to cause swelling and 
compression of the tissue surrounding the varicose vein which is disclosed at page 14, lines 15-18 
and illustrated in Figure 7. Claim 17 recites an introducer catheter which is disclosed at page 14, 
lines 3-5 and illustrated in Figure 3B as element 300. Claims 19 and 20 recite a diffusing tip on the 
fiber optic which is disclosed at page 18, line 4 through page 20, line 2 and illustrated in Figures 9A, 
9B and 9C. Claims 2 1-23 recite a thermal sensor and temperature controller which are disclosed at 
page 16, line 13 through page 1 8, line 2 and illustrated in Figure 6. Claim 27 recites a laser having a 
wavelength of 1.32 urn which is disclosed, for example, at page 12, line 23, page 16, line 2, page 20, 
line 24, page 22, line 25, page 23, line 22 and page 24, line 2. Claim 30 recites a Nd: YAG laser 
which is disclosed at page 16, line 1, page 22, line 25 and page 24, line 2. Claim 33 recites that the 
system is adapted to preferentially heat water which is disclosed, for example, at page 23, lines 22 
and 23 and illustrated in Figure 10. 
Claim 25 reads as follows: 



"25. An endo venous method of treating varicose veins with laser 
energy to heat and shrink collagen in the vein and to destroy the 
functionality of the varicosed vein, the method comprising the 
following steps: 

inserting a laser delivery device into the varicose vein; 

delivery laser energy having a wavelength between about 1.2 and 

about 1 .8 um to the varicose vein; and 

retracting the laser delivery device through the varicose vein, 

thereby heating and shrinking the collagen in the vein and 

destroying the functionality of the varicose vein." 
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The first two steps of claim 25 are illustrated and described as set forth above with regard to 

claim 1 . The step of retracting the laser delivery device is described in paragraph 5 1 as follows: 

"The catheter 32 is connected to a motorized pullback device 1 04 
either inside or outside of the sterile field 108 of the patient. The 
procedure begins by starting the pullback for about 2 or 3 mm and 
then turning the laser 102 on at about 5 watts of power. The 
pullback device is illustrated schematically in Figure 1 as element 
104. " " 

Claims 28, 31 and 34 are each directly dependent on claim 25. Claim 28 recites that the laser 
has a wavelength of about 1.32 urn as disclosed, for example, at page 23, line 22, page 12, line 33, 
page 16, line 2, page 22, line 5 and page 20, line 16. Claim 3 1 recites a Nd:YAG laser as disclosed 
at page 16, line 1. Claim 34 recites that the laser energy preferentially heats water as described at 
page 9, line 10 and at page 23, lines 22 and 23 and illustrated in Figure 10. 

Claim 35 reads as follows: 

"35. A method of treating varicose veins, comprising 

providing a beam of light comprising a wavelength in the range of 

about 1200 nm to about 1800 nm; and 

delivering endovascularly the beam of light to target a 

chromophore comprising water in the wall of a targeted varicose 

vein to treat the vein." 

This method is illustrated in Figure 3B and is described in paragraph 47 as follows: 

"FIG. 3B is a representative view showing the use of the introducer 
or dilator 300 with the laser fiber 306 passing through the lumen 
302 of the dilator 300 and into the GSV (greater saphenous vein) 
202..." 

According to the preferred embodiment of the method and apparatus of the present invention. 

the method is further described in paragraph 52 which states: 

"The 1.2 to 1.8 urn laser wavelengths are ideally suited to penetrate 
the small amount of remaining blood in the vessel 200 but also is 
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much more strongly absorbed in the vessel wall 704 by collagen. 
Most of the energy is concentrated in the wall 704 for heating and 
shrinkage and is not transmitted through to surrounding tissue 



702. 



Water absorption of laser energy in the region between about 1200 nm to about 1 800 nm is 
disclosed in paragraph 65 and is illustrated in Figure 10. In paragraph 65, it is stated: 



Claims 38-40 and 42-46 are dependent, directly or indirectly, on claim 35. Claims 38, 40, 44 
and 45 depend directly on claim 35. Claims 39 and 42 depend on claim 38, claim 43 depends on 
claim 42 and claim 46 depends on 45. Claim 38 is directed to the use of a fiber optic which is 
disclosed at page 13, lines 19 and 20 and illustrated in Figure 1 wherein element 106 is the fiber 
optic. Claim 39 recites the use of a diffusing tip which is disclosed at page 1 8, line 3 through page 
20, line 2 and illustrated in Figures 9A, 9B and 9C. Claim 40 recites that the treatment reduces the 
size of the varicose vein which is disclosed at page 20, lines 20-22. Claims 42 and 43 recite the use 
of a pullback device which is disclosed at page 13, lines 19 and 20, original claim 2 and illustrated 
in Figure 1 where the pullback machine is element 104. Claim 44 recites removing blood from the 
vein prior to treatment which is disclosed at page 14, line 20. Claim 45 recites the laser power of 1 
to 20 watts which is disclosed at page 15, lines 12 and 13. Claim 46 recites a power of 5 watts 
which is disclosed at page 1 5, line 12. 

With further regard to the dependent claims, the fiber optic delivery device of claims 2, 14 
and 38 is illustrated as element 306 in Figure 3B and is described in paragraph 47. 



"It will further be observed that the region between about 1200 nm 
to about 1800 nm shows low hemoglobin and higher water 
absorption, which is a key to the present invention." 
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The procedure of claim 5 in which the pullback device begins retraction of the fiber optic 
device prior to initiating delivery of the laser energy is disclosed in paragraph 5 1 . 

The use of a diffusing tip on the optical fiber recited in claims 8 5 19 and 39 is illustrated in 
Figures 9A, 9B and 9C and is described in paragraphs 62, 63 and 64 as well as in paragraphs 59-61. 

The non-contact thermal sensor of claims 9 and 21 is described in paragraphs 55 and 56. 
Providing the fiber optic laser delivery device with a thermal sensing element as recited in claim 12 
is described in paragraph 55. 

The procedure of modulating the laser power based on the sensed temperature as recited in 
claims 13 and 23 is described in paragraph 55. 

The use of a laser having a wavelength of about 1 .32 urn as recited in claims 26-28 and 37 is 
disclosed in paragraph 53 and paragraph 79. , 

The use of a Nd:YAG laser as recited in claims 29-3 1 is disclosed in paragraphs 53 and 54. 

The preferential heating of water in the wall of the vein as recited in claims 33-35 is 
disclosed in paragraphs 65 and 79. It is also disclosed in paragraph 21. 

The use of laser power between about 1 to about 20 watts as recited in claim 45 and the use of laser 
power of about 5 watts as recited in claim 46 is described in paragraph 5 1 . 

There are four independent claims, which are claims 1, 14, 25 and 35. Claims 1, 25 and 35 
are directed to a method of treating varicose veins and claim 14 is directed to a system for treating 
varicose veins. Method claims 1 and 25 and system claim 14 recite treatment using a laser having a 
wavelength between about 1 .2 urn (1200 nm) and about 1 .8 um (1 800 nm). Claim 35 recites a 
method using this range of wavelengths to target a chromophore comprising water in the wall of a 
targeted varicose vein. 
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The method of claims 1, 25 and 35 is illustrated schematically in Figures 3A-6. The method 
is illustrated in more detail in Figures 7 and 8. This method is described in paragraphs 47-50 of the 
application. The method comprises introducing a dilator 300 into the vein to be treated with the 
laser fiber 306 passing through a lumen 302 of the dilator 300 and into vein 202. Once the laser 
fiber is properly positioned, laser energy is passed therethrough at a wavelength of about 1.2 to about 
1 .8 um to preferentially heat the water in the wall of the vein rather than blood which maybe present 



The use of a pull back device 104 is disclosed in paragraph 51 of the application. The use of 
the diffusers 902, 920 and 926 illustrated in Figures 9A-C is disclosed in paragraph 62-64 of the 
application. The use of thermal detector 600 is illustrated in Figure 6 and is described in paragraphs 
55-57 of the application. 

The system of claim 14 comprising a laser 102 and a fiber optic delivery device 306 is 
illustrated in Figures 1 and 3A-8. 

The preferential absorption of laser energy by the water in the wall of a targeted varicose 
vein recited in claim 35 is disclosed in paragraphs 21, 52, 65, 79, and FIG. 10 of the application. 
This localizes the heating caused by the laser energy in the vessel wall 704 thereby significantly 
inhibiting the heating of surrounding tissue 702 as described in paragraphs 22, 23, 52, and 79. 
Grounds of Rejection To Be Reviewed on Appeal 

Claims 1, 2, 6, 7, 25, 35-38, 40, 41 and 44-46 have been rejected under 35 U.S.C. § 103(a) as 
unpatentable over Goldman Patent No. 6,258,084 in combination with Sinofsky Patent No. 
5,196,004 and Dew Patent No. 4,854,320. Claims 3-5, 42 and 43 have been rejected under 35 
U.S.C. § 103(a) as being unpatentable over Goldman in combination with Sinofsky, Dew and Roth 
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Patent No. 5,207,672. Claims 8 and 39 have been rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Goldman in combination with Sinofsky, Dew and Conn PCT Application No. WO 
92/17243. Claims 9-13 have been rejected under 35 U.S.C. § 103(a) as being unpatentable over 
Goldman, in combination with Sinofsky, Dew and Makower PCT Application No. WO 93/15664. 
Claims 14-17 and 20-23 have been rejected under 35 U.S.C. § 103(a) as being unpatentable over 
Makower, in combination with Roth and Dew. Claim 19 has been rejected as unpatentable over 
Makower, in combination with Dew, Roth and Conn. 

Claims 1, 2, 6, 7, 25, 35-38, 40, 41 and 44-46 have been rejected under 35 U.S.C. § 103(a) as 
unpatentable over Goldman Patent No. 6,258,084 in combination with Sinofsky Patent No. 
5,196,004 and Dew Patent No. 4,854,320. Claims 3-5, 42 and 43 have been rejected under 35 
U.S.C. § 103(a) as being unpatentable over Goldman in combination with Sinofsky, Dew and Roth 
Patent No. 5,207,672. Claims 8 and 39 have been rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Goldman in combination with Sinofsky, Dew and Conn PCT Application No. WO 
92/17243. Claims 9-13 have been rejected under 35 U.S.C. § 103(a) as being unpatentable over 
Goldman, in combination with Sinofsky, Dew and Makower PCT Application No. WO 93/15664. 
Claims 14-17 and 20-23 have been rejected under 35 U.S.C. § 103(a) as being unpatentable over 
Makower, in combination with Roth and Dew. Claim 19 has been rejected as unpatentable over 
Makower, in combination with Dew, Roth and Conn. 
Evidence Appendix 

Applicant has submitted declarations under 37 CFR 1.132 together with exhibits. These 
declarations and exhibits are attached hereto as an evidence appendix in conformance with 37 CFR 
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41 .37(c)(l)(ix) as Appendix 2. This evidence was entered by the Examiner in the Office Action 
dated March 13,2009. 
Related Proceedings Appendix 

None. 
Historical Note 

This Appeal has something of an unusual history. This is not the first Appeal Brief to be 
filed in this application and the Office Action dated March 13, 2009, is not the first Final Rejection 
from which an Appeal has been taken. The earlier appeal never got past the Examiner's Answer 
stage because a new ground of rejection was raised in that Answer. 

There was an earlier Final Rejection dated February 12, 2007 from which Applicant appealed 
and filed an Appeal Brief on October 29, 2007 (which was objected to on formal grounds and 
Applicant filed a corrected appeal brief on November 28, 2007). Almost one year later, the 
Examiner filed an Examiner's Answer on November 13, 2008 stating that it was in response to an 
appeal brief filed "November 28, 2008" (sic), (November 28, 2007 was the actual date). This Board 
noted that the Examiner's Answer made a new ground of rejection and Applicant was given the 
option of requesting that prosecution be re-opened under 37 CFR 1.111. Applicant did request re- 
opening of prosecution and, on January 13, 2009, responded to the new ground of rejection set forth 
in the Examiner's Answer. This response included a Declaration of David R. Hennings dated 
December 22, 2008 (which was the second Hennings Declaration to be filed in this application) and 
the Declaration of Mitchel P. Goldman dated December 23, 2008, together with Exhibit 1 to the 
Hennings Declaration and Exhibits 1-3 to the Goldman Declaration. The Examiner then rendered 
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another Final Rejection dated March 13, 2009 and it is this Final Rejection to which the present 
Appeal is directed. 

The issues presented in this Appeal involve both (a) the usual comparison of the claims with 
the prior art and (b) the Examiner's refusal to give effect to the evidence submitted in support of 
patentability. Thus, we will first discuss the prior art rejections and why we believe they are 
erroneous and then discuss the extensive evidence which conclusively refutes the Examiner's 
positions and what we believe to be the Examiner's improper refusal to give this evidence the weight 
to which it is entitled. 



The Rejections Are In Error 

Claims 1, 2, 6, 7, 25, 35-38, 40, 41 and 44-46 rejected as unpatentable under 35 U.S.C. § 
103(a) over Goldman 6.258,084 view of Sinofskv 5,196,004 and Dew et al. 4,854,320. 

Claims 1, 2, 6, 7, 25, 35-38, 40, 41 and 44-46 have been rejected under 35 U.S.C. § 103(a) as 
unpatentable over Goldman '084 in combination with Sinofsky Patent No, 5,196,004 and Dew et al. 
Patent No. 4,854,320. Goldman is directed almost entirely to RF heating of varicose veins and 
contains only one throw-away sentence which mentions lasers at column 7, lines 53-59, and which 
says that "other forms of energy such as microwaves, ultrasound, direct current, unrelated heated 
fluid, radiant light, and lasers can be used....". This single mention of lasers in Goldman is non- 
enabling and occurs only in the context of a listing of several possible alternatives to the use o RF 
energy, none of which are otherwise mentioned or enabled. 

The law relating to enablement, and the lack of it, makes it plain that making a passing 
reference to an alternate system does not constitute compliance with the enablement requirement of 
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35 USC 1 12. For example, in Sitrick v. Dreamworks. LLC . 516 F.3d 993 (Fed. Cir. 2008), the 

patent was directed to an intercept adapter interface system (IAIS) and a Controller 260C for 

integrating images into a predefined audio/visual presentation. The '825 patent-in-suit disclosed that 

"this invention relates to predefined video and audio/visual presentations such as movies and video 

games", but the remaining disclosure was directed in its entirety to video games and there was no 

further disclosure relating to movies. At 516 F.3d 1000, the Court noted, "the specifications do 

not disclose how the IAIS or Controller 260C would function for movies" and went on to say that 

the "patents do not teach how to implement the internal 'intercept logic functioning' of Controller 

260C in the context of movies." The Federal Circuit then held, 516 F.3d 1002-03 that "all asserted 

claims of the '825 patent are not enabled." 

Similarly, in Auto. Techs. International v. BMW of N.Am., Inc. , 501 F.3d 1274, 1285 (Fed. 

Cir. 2007), the Federal Circuit said: 

"Disclosure of only mechanical side impact sensors does not permit one 
skilled in the art to make and use the invention as broadly as it was claimed, 
which includes electronic side impact sensors." 

The Federal Circuit's decision in Medtronic Navigation, Inc. v. Brainlab , 222 Fed. Appx. 952 

(Fed. Cir. 2007), which was not selected for publication in the Federal Reporter and is not 

precedential, nevertheless serves as a useful guide to the state of the law on enablement. In 

Medtronic , the patent was directed to an acoustic or ultrasound range finding system and to an 

electromagnetic position and orientation system to track the movement of an object, but also 

contained the statement: 

"An optical system can be used as an alternative to the acoustic system 
described earlier." 
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There was no other disclosure relating to an optical system. The Federal Circuit held: 

"There is no enabling description of how to make and use an optical 
tracking system...." 

Thus, although Medtronic is not precedential, it is consistent with Sitrick with regarding to 
finding a lack of enablement when a specification contains nothing more than a single disclosure of 
an otherwise unmentioned alternative. So it is here. There is but a single word in Goldman relating 
to lasers without any further mention of such devices. 

As stated in Fiers v. Revel , 984 F.2d 1 164, 1 171 (Fed. Cir. 1993) such a minimal, non- 
enabling disclosure is "an attempt to preempt the future before it has arrived." 

Furthermore, we have the benefit of the acknowledgement of Goldman himself that the '084 

patent does not enable lasers or laser treatment of varicose veins. Goldman's own Declaration dated 

December 23, 2008, in paragraph 5, states: . , 

"The work upon which my Patent No. 6,258,084 is based 
involved only the use of tumescent anesthesia in the RF treatment 
of varicose veins and no work of any sort was done involving the 
use of lasers. Prior to filing the application which became Patent 
No. 6,258,084, we had no experience or knowledge which would 
permit us to enable the use of lasers to treat varicose veins. For 
example, we did not know which laser wavelengths might be 
useful nor did we know what power levels might be safe and 
effective." 

This is a direct and unequivocal statement by one of the inventors of the Goldman '084 
patent (who is also one of the inventors named in the present application) that his '084 patent is not 
enabling with regard to lasers. As we will discuss in more detail below, the Examiner, at pages 6 
and 7 of the Final Rejection, attempts to sidestep the Goldman Declaration by resorting to: 
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1 . The totally irrelevant fact that claim 3 1 of the Goldman 4 084 patent does not 
recite tumescent anesthesia; 

2. A refusal to recognize that the word "we" in the Goldman Declaration refers 
to Goldman and his co-workers; and 

3. A seriously misguided attempt to find an inconsistency between the Goldman 
Declaration and the oath of inventorship in the '084 patent. 

The Examiner's arguments are misplaced and unsupported. In brief: 

1 . The absence of a recitation of tumescent anesthesia in claim 31 of the '084 
patent has absolutely nothing to do with whether lasers are enabled; 

2. The word "we" in Goldman's Declaration plainly refers to Goldman and his 
co-workers on the subject matter of the '084 patent; and 

3. The Examiner has built a house-of-cards argument based on the inventors oath 
in the '084 patent because none of the original claims recited a laser! 1 Thus, there 
is absolutely no inconsistency between the inventors' oath in the '084 patent and the 
Goldman Declaration. Furthermore, even if the original claims did recite a laser, no 
court has ever mentioned an inventor's oath as having any consequence when making 
a determination regarding enablement. 

Thus, the Examiner's conclusion as stated at page 7 of the Final Rejection as follows: 

"Thus, weighing Declarant's statement, wherein Declarant 
holds a vested interest in the issuance of the instant application, 



1 Applicants ask that this Board take judicial notice of the original claims of the application which 
became the '084 patent. For the convenience of the Board, these claims are provided in the 
appendix to this brief. 
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against the evidence afforded by a signed declaration in a U.S. 
patent (which includes a presumption of operability), the examiner 
is not persuaded by Declarant's current stance, that the subject 
matter of the claims of the Goldman et al. ( c 084) is inoperable." 

is devoid of any support in the record. Furthermore, the issue is not the operability of the claims of 

the Goldman 6 084 patent, but rather the lack of enablement of lasers in the specification of that 

patent. 

The c 084 patent discloses nothing with regard to laser wavelengths or power levels. The 
choice of laser wavelengths is of crucial importance. Unlike conductive and connective heating, 
laser heating is highly selective and the laser will only heat materials which are a chromophore for a 
given wavelength, but not other materials which are not chromophores for that wavelength. The 
claims in the present application recite a wavelength of about 1200-1800 nm which was a departure 
from the prior laser treatment of varicose veins (which the Examiner has refused to regard as 
meaningful) such as Navarro Patent No. 6,398,777 which discloses the use of lasers having 
wavelengths of 500-1 100 nm. 

Thus, merely mentioning lasers generally, as Goldman 6 084 does, leaves the reader entirely 
in the dark as to what lasers, with what wavelengths, for what chromophores might be tried in an 
effort to treat varicose veins. This is the very definition of undue experimentation. In addition, the 
type of laser, power levels and duration of treatment must also be determined requiring even more 
experimentation. Some of the factors to consider in the experimentation required to determine the 
type of laser, the laser wavelength, the power levels and dose duration for a given use are outlined in 
Sinofsky Patent No. 5,196,004, in cols. 2-5. 
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This lack of disclosure in Goldman is also in contrast to the disclosure in Navarro Patent No. 
6,398,777, 2 which is regarded by those in the art as representing the first use of lasers to treat 
varicose veins, which, at col. 5, lines 17-23, at col. 6, lines 13-18 and at col. 5, lines 45-49, discloses 
wavelengths of 50-1 100 ran, power levels of 5 to 20 watts and treatment duration of 0.2-10 seconds. 
Thus, Navarro provides the type of disclosure which is entirely lacking in Goldman's '084 single 
nonenabling mention of lasers. 

Since Goldman '084 is nonenabling, the attempt to combine Sinofsky and Dew et al. with 
Goldman is an exercise in futility and the rejection of claims 1, 2, 6, 7, 25-38, 40, 41 and 44-46 over 
this combination of references cannot stand. 

Furthermore, even if Goldman '084 were enabling, this rejection would be in error because 
the secondary references do not remedy the deficiencies of Goldman and are completely unrelated to 
Goldman and to each other and cannot be properly combined. Goldman '084 relates to treatment of 
varicose veins, Sinofsky is directed to removal of atherosclerotic plaque and Dew et al. is concerned 
with wound healing. Goldman says nothing at all about laser wavelengths and thus gives no 
guidance with regard to the 1200-1 800 nm range recited in the appealed claims. Nor does Goldman 
say anything with regard to choice of chromophores and has no appreciation of the different 
chromophore characteristics of the tissues and fluids associated with varicose veins or of the 
importance of those chromophore characteristics in choosing a laser having a desirable wavelength. 

Sinofsky, who discloses a preferred laser treatment of arterial plaque with laser energy in the 
range 1900-2100 nm (column 3, lines 15-19), also discusses the characteristics of various types of 

The Examiner has steadfastly and mysteriously refused to rely on the Navarro patent as a reference, 
see p. 3, lines 2-13, of the Final Rejection. 
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lasers and discloses tissue removal with laser energy in the range 1400-2200 nm (column 2, line 63). 
In fact, Sinofsky's discussion of lasers of different types with wavelengths ranging from 200-2200 
nm at columns 2-4 makes it clear that the selection of a wavelength suitable for a given target must 
include not only the absorption characteristics of the target, but also the absorption characteristics of 
materials which are not the target but which are in the path of the laser energy, to avoid unacceptable 
energy loss before the energy reaches the target. These characteristics must be taken into account, 
but the Goldman '084 patent failed to even recognize this need, much less enable the choice of laser, 
choice of wavelength, etc. 

Dew et al. disclose the use of an Nd:YAG laser tuned from its normal wavelength of 1064 
nm to its "secondary wavelength" of 1320 nm, col. 4, lines, 1 1-14, but not for varicose vein 
treatment and not for treatment of plaque, but rather for wound healing and tissue repair by • 
solubilizing collagen. In addition, Dew's 1320 nm is outside Sinofsky's lower limit of 1400 nm, and 
Dew's range of 12.00-1400 nm is adjacent to the 1400-2200 nm range of Sinofsky. There is no 
disclosure in Sinofsky of a Nd:YAG laser of any type and no disclosure of tuning such a laser to its 
secondary wavelength of 1320 nm. Thus, the wavelength choices in Sinofsky and Dew et al. are 
antithetical to each other, as are their respective targets, and these references cannot be properly or 
sensibly combined. 

Based on this gallimaufry of references, the Examiner states at p. 15 of the Final Rejection: 

"It would have been obvious to the artisan of ordinary skill 
to employ the wavelength of Dew et al. in the method of Goldman 
et al ('084) wince Goldman ('084) teach no particular wavelength, 
and since the wavelength of Dew et al. can destroy (denature) the 
proteins, but allow near normal tissue to take it's (sic) place. (See 
Dew et al., column 1 1, lines 37-44) and since this wavelength is 
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highly absorbed as taught by Sinofsky, thus producing a method 
such as claimed." 



To state this proposition is to refute it. The notion that the failure of Goldman to provide any 
guidance with regard to wavelength leaves the Examiner free to pick any reference that discloses, for 
any purpose, a wavelength that comes within applicants' claimed range and combine it with 
Goldman demonstrates a very serious lack of reasoning and has no rational underpinning. Rather, 
the Examiner was motivated only by applicants' claims to attempt a reconstruction of applicant's 
invention.. To then toss Sinofsky into the pot for his teaching that plaque will absorb laser energy at 
1400-2200 nm (column 5, lines 17-21) adds a reference which has nothing to do with Goldman (or 
Dew et al.) and operates in a range which is essentially different from and antithetical to that of Dew 
et al., a difference which stems from the fact that the purpose and the target of Sinofsky are entirely 
different from those of Dew et al. 

Plainly, the Examiner has not made a prima facie case of obviousness by relying on such 

disparate references. In the time subsequent to the decision in KSR International v. Teleflex, Inc. , 

127 S.Ct. 1727, 82 USPQ2d 1385 (2007), this Board has repeatedly recognized that rejections 

should be reversed when the Examiner fails to articulate reasoning with a rational underpinning for 

combining the prior art. For example, in Ex Parte Erkev et al. , Appeal No. 20071375, decided May 

11,2007, this Board said: 

"We determine that the examiner has not provided a sufficient reason or 
explicit analysis of why the disclosures of the references should be combined." 

Similarly, in Ex Parte Crawford et al. . Appeal 20062429, decided May 30, 2007, this Board 

reversed a rejection and said: 
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" We find no suggestion to combine the teachings and suggestions of [the 
references] as advanced by the examiner, except from using appellant's invention 
as a template through a hindsight reconstruction of appellant's claims." 

We submit that the Examiner in the present case has done precisely the same thing as the 

Examiner in Crawford . Furthermore, it is important to note that KSR cited the decision in In Re 

Kahn, 441 F.3d 977, 988 (Fed. Cir. 2006) with approval. In Kahn, the Federal Circuit stated: 

"[Rejections on obviousness grounds cannot be sustained by mere conclusory statements; 
instead there must be some articulated reasoning with some rational underpinning to support the 
legal conclusion of obviousness." 

In the present case, the Examiner has provided neither articulate reasoning nor a rational 
underpinning to support his rejection. Rather, he has used the silence in Goldman with regard to 
laser wavelength as a blank check in his effort to reconstruct the claimed invention by relying on the 
unrelated disclosures of Sinofsky and Dew et al. 

Claims 3-5, 42 and 43 rejected as unpatentable under 35 U.S.C. § 103(a) on Goldman in view 
of Sinofsky, Dew and Roth 5,207,672. 

Claims 3-5, 42 and 43 have been rejected as unpatentable under 35 U.S.C. § 103(a) over 
Goldman '084 in combination with Sinofsky, Dew and Roth. These claims recite a pull back device 
and Roth, in an entirely different context, also discloses a pull-back device. The most important 
point is that the Roth reference, which is directed to the treatment of benign prostate hypoplasia 
(BPH), does nothing to cure the deficiencies in the attempted combination of Goldman, Sinofsky and 
Dew et al. Furthermore, the Examiner provides no reasoning or rational underpinning for combining 
Roth with Goldman, Sinofsky and Dew et al. They are all directed to different fields of use. Thus, 
the rejection of these claims is in error. 
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Claims 8 and 39 rejected as unpatentable under 35 U.S.C. § 103(a) over Goldman in view of 
Sinofsky, Dew and Conn PCT WO 92/17243. 

Claims 8 and 39 have been rejected under 35 U.S.C. § 103(a) as being unpatentable over 
Goldman '084 in combination with Sinofsky, Dew, and Conn. Conn teaches a diffusing tip. 
Applicant does not purport to be an inventor of a diffusing tip for a laser and points out that Conn 
does nothing to cure the deficiency of the attempted combination of Goldman with Sinofsky and 
Dew. Furthermore, the Examiner has not provided reasoning or a rational underpinning for 
combining Conn with the remaining references. It is only an attempt to reconstruct applicants' 
invention which inspires reliance on Conn. Thus, claims 8 and 39 are patentable over the asserted 
combination of references. 

Claims 9-13 rejected as unpatentable under 35 U.S.C. § 103(a) over Goldman, Sinofsky, 
Dew and Makower PCT WO 93/1 5664 . 

Claims 9-13 have been rejected as unpatentable under 35 U.S.C. § 103(a) over Goldman in 
view of Sinofsky, Dew and Makower. These claims recite the use of a thermal sensor to maintain a 
desired temperature. Makower discloses the use of infrared sensing to control heating of prostate 
tissue during the treatment of benign prostate hypoplasia. What is significant is that Makower does 
not cure any of the deficiencies in the attempted combination of Goldman with Sinofsky and Dew. 
Furthermore, once again, it is only an attempt re reconstruct applicants' invention which prompts 
citation of Makower. There is nothing in the remaining references to suggest that use of a 
temperature sensor is needed or desirable. The rejection of these claims is thus in error. 
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Claims 14-17 and 20-23 rejected as unpatentable under 35 U.S.C. $ 103(a) over Makower in 
combination with Roth and Dew. 

Claims 14-17 and 20-23 have been rejected under 35 U.S.C. § 103(a) as being unpatentable 
over Makower in combination with Roth and Dew. None of these references have anything to do 
with treatment of varicose veins. Makower and Roth are both directed to treatment of BPH and Roth 
discloses, at column 10, line 33, that the standard wavelength for an Nd:YAG laser is 1,064 nm. 
Makower discloses a Nd:YAG laser, but gives no information with regard to wavelength, so it is 
reasonable to read Makower as disclosing a standard Nd:YAG laser having a wavelength of 1064 
nm. The notion that one skilled in the art interested in treating BPH as disclosed in Makower and 
Roth which explicitly or implicitly disclose the standard wavelength of 1 ,064 nm would have any 
interest in the secondary laser wavelength of Dew et al., which is used for an entirely different 
purpose, is simply untenable. Furthermore, Makower and Roth cannot be combined. Makower is 
directed to a device which has a "locking" means to prevent movement of his laser and all of the 
claims in Makower are limited to a locking means. Roth, on the other hand, wants to pull his laser 
device through the tissue which is incompatible with the locking system of Makower. Thus, this 
rejection is based on an absolutely improper combination of references. Furthermore, Dew et al. use 
a tuned Nd:YAG laser in order change it from its standard 1,064 nm wavelength to obtain the 
"secondary wavelength" of 1,320 nm for a use completely different from the treatment of BPH. See 
col. 6, lines 11-18. There is absolutely nothing to suggest that either Makower or Roth would want 
to use the wavelength of Dew et al. 
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Claim 19 rejected as unpatentable under 35 U.S.C. § 103(a) over Makower in view of Dew, 
Roth and Conn, 

Claim 19 has been rejected under 35 U.S.C. § 103(a) as unpatentable over Makower in view 
of Dew, Roth and Conn. This is, if it is possible, an even more improper combination than that of 
Makower, Dew and Roth. Conn teaches a diffusing tip for a laser. There is nothing in any of 
Makower, Dew or Roth to suggest that they have any interest in a diffusing tip, that it would be 
useful in any of their devices or that one skilled in the art would have any inclination to use a 
diffusing tip in those devices. Thus, this rejection is also in error. 

It is believed that the foregoing discussion establishes the reversibility of the Examiner's 
rejections. However, there is much more. Applicants have submitted several declarations during the 
course of prosecution which trace the real-world evolution of the treatment of varicose veins with 
energy and have pointed out the Navarro Patent No. 6,398,777 and its place in the evolution of 
varicose vein technology. We turn now to those considerations. 
Navarro Patent No. 6,398,777 

The Navarro patent is regarded by those in the art as representative of the early work done 
with regard to the use of lasers in treating varicose veins. It discloses the use of lasers which have 
wavelengths in the range of 500-1 100 nm which target the hemoglobin in blood as a chromophore 
for these wavelengths. 
The Adoption of Laser Technology 

Prior to the present invention, all of the laser devices for patient treatment of varicose veins 
used lasers having wavelengths in the range of 810-980 nm. As shown in Exhibits A-E to the 
Hennings Declaration dated June 30, 2005, these devices were: 
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Exhibit A - Dorniter - 940 nm 

Exhibit B - Biolitac - 980 nm 

Exhibit C - AngioDynamics - 980 nm 

Exhibit D - Vascular Solutions - 8 1 0 nm, 940 nm and 980 nm 

Exhibit E - Diomed - 8 1 0 nm 

Thus, the real world of laser treatment of varicose veins prior to the present invention 
constituted targeting hemoglobin as a chromophore and using wavelengths in the range of 810-980 
nm. This is reflected in a survey article entitled Endogenous laser ablation: mechanism of action by 
Drs. Fan and Rox- Anderson which is attached as Exhibit 1 to the second Hennings Declaration dated 
December 22, 2008. 

The Fan/Rox-Anderson article also describes, at page 208, the difference between the 

Navarro and other prior art wavelengths and that of the present invention as follows: 

"Hemoglobin and to a lesser extent myoglobin in vein wall smooth muscle 
components are the dominant chromophores at the lower end of this range [810, 
940, 980 and 1064 nm], while at 1320 nm water dominates as the energy- 
absorbing molecule." 

At page 209, the Fan/Rox-Anderson article describes the use of 1320 nm energy as follows: 

"Special consideration must be given to EVLA (endovenous laser 
ablation) with 1320 nm Nd:YAG laser. At this wavelength the dominant 
chromophore is water and, as the biological tissue is largely composed of water, 
deeper energy penetrance and photothermolytic effect can be achieved at lower 
fluence. Compared with 12-15 W power setting typically used during EVLA with 
810-1064 nm wavelength light, EVLA at 5 W with the 1320 nm laser has been 
shown to be effective at 12-month follow-up for closing saphenous veins 12mm 
in diameter. At this higher wavelength and lower energy application, clinical 
evidence of perforation (pain, bruising) appears to be reduced." 
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Prior Art Taught Against the Use of Wavelengths Higher Than 1064 nm 

At the time the present invention was made, it was the prevailing scientific view that the use 

of laser wavelengths above 1064 nm was undesirable. In addition to the fact that hemoglobin would 

no longer be a chromophore for wavelengths above 1064 nm, it was believed that, as reflected in 

Exhibits A, B and C to the Geriak Declaration dated November 22, 2005 that it would be 

disadvantageous to the patient to use wavelengths higher than 1064 nm. 

. As stated in the Minn et al. article, Exhibit A to the Geriak Declaration entitled Endovenous 

Laser Treatment of Saphenous Vein Reflux: Long-Term Results from the Journal of Vascular and 

Interventional Radiology, August 2003, pages 991-996, at page 995: 

"Published experience with endovenous laser with use of wavelengths 
other than 810 nm is limited. A recent study by Chang and Chua reported the use 
of 1 064 nm laser energy delivered endovenously for treatment of GS V (greater 
saphenous vein) reflux. Although this study reported a success rate of 96.8% in 
244 legs followed up to 28 months, significant complications were noted, 
including paresthesias (36.5%) and skin burns (4.8%). . . . In addition, patients 
treated with the 1064 nm wavelength underwent spinal or general anesthesia rather 
than strictly local tumescent anesthesia." 

Thus, as the wavelength increased, additional "significant complications were noted" and, 
unlike treatment with lower wavelengths, spinal or general anesthesia was required rather than 
strictly local anesthesia. 

Still further, at page 995, the Minn et al. article goes on to state: 

"In comparison, in our series of more than 500 limbs treated with 810 nm diode laser 
energy delivered endovenously, there have no heat related complications despite the high 
temperatures attained at the laser fiber tip. This may be explained by the following: (1) 
improved delivery and use of sufficient amounts of tumescent fluid in the proper tissue plane 
providing protective thermal 'sync'; (2) selected homogeneous and circumferential heating of 
the inner vein wall by absorption of 810 nm laser energy by blood lining the vein wall, as 
noted in a recent study by Proebstle et al., rather than deeper penetration of laser energy as 
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less homogeneous heating from endovenous laser performed with wavelengths such as 1064 
nm which are absorbed less by blood and more by water; and (3) faster rates of withdrawal 
and shallower depth of penetration of 810 nm laser energy resulting in less damage to 
surrounding nontarget tissue compared with methods that use RF." 

The Proebstle article referred to in the Minn et al. article is Exhibit B to the Geriak 
Declaration and is entitled Thermal Damage of the Inner Vein Wall During Endovenous Laser 
Treatment: Key Role of Energy Absorption by Intravascular Blood, which appeared in 
Dermatologic Surgery, July 2002, pages 596-600. This article, e.g., at page 599, plainly teaches the 
desirability of using laser energy'in the range 810-980 nm, e.g., at page 599, where it emphasizes 
that blood plays a "key role in absorption of 940 nm laser energy but also in absorption of 810 and 
980 nm laser energy". Thus, the emphasis was on using wavelengths for which blood, not water, 
would be a chromophore. 

Similarly, the Proebstle article attached to the Geriak Declaration as Exhibit C, which is 
entitled Endovenous Treatment of the Greater Saphenous Vein With a 940 nm Diode Laser: 
Thrombotic Occlusion After Endoluminal Thermal Damage by Laser-Generated Steam Bubbles, 
which appeared in Journal of Vascular Surgery, April 2002, pages 729-736, emphasizes the then 
prevailing view that it was important to target blood as the chromophore with a 940 nm wavelength 
laser. 

The foregoing articles are, of course, consistent with the disclosure in the Navarro 777 
patent. In addition, each of them cites to the Navarro article which appeared in Dermatological 
Surgery in 2001 in Volume 27 at pages 1 17-122 as the initial work in using lasers to treat varicose 
veins which was the basis for the Navarro 777 patent. These references are footnote 12 in Exhibit A 
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to the Geriak Declaration, footnote 3 in Exhibit B and footnote 8 in Exhibit C. This Navarro paper 
contains essentially the same disclosure as the Navarro 777 patent.. 

Thus, to recapitulate prior to the present invention, not only was blood (and the hemoglobin 
in blood) considered to be the proper choice of chromophore for treatment of varicose veins with 
laser wavelengths in the range 810-980 nm, but it was also the view of the prior art that treatment 
with wavelengths as high as 1064 nm was undesirable. This is confirmed by the 2008 survey article 
' by Fan/Rox- Anderson which cites the Navarro 777 patent in footnote 15 as the earliest disclosure of 
laser treatment of varicose veins. Thus, the uniform view expressed in the scientific literature is that, 
prior to the present invention, there was no consideration of using anything other than blood as a 
chromophore for laser energy in the 810-980 nm wavelength range, and that a wavelength as high as 
1064 nm was undesirable. The present invention was a substantial and significant departure from 
this prior art, i.e., targeting water as a chromophore with laser energy in the range 1200-1800 nm 
was demonstrably unobvious to the prior art. 

Furthermore, subsequent to applicants' invention, at least one other worker has followed in 
their footsteps. See Paithankar, Published Application No. 2005/001523, filed June 30, 2004, based 
on a provisional application filed on June 30, 2003, which discloses the use of wavelength of 1 160 
nm to 2600 nm in the treatment of varicose veins. Paithankar confirms, ^paragraphs 53 and 54, 
that using energy having the wavelengths claimed in the present application minimizes collateral 
damage to "tissues surrounding the target blood vessel" 
The Examiner's Refusal to Consider the Evidence of Patentability 

The Examiner has repeatedly refused to consider the evidence of patentability submitted by 
applicants. In the earlier final rejection dated February 12, 2007, the Examiner had the following to 
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say about the scientific literature and the activity of those in the real world of varicose vein 



"Applicant then posits that in the real world those attempting to use lasers 'to 
accomplish the purpose of Goldman' deliberately choose not to use applicants 
wavelengths. The examiner must respectfully disagree. Firstly, it is noted that the 
three articles submitted by applicants do not constitute a statistically significant 
sample of all the publications dealing with laser treatment of varicose veins and as 
such, cannot be the basis for a claim such as made by applicant. Secondly, the 
'purpose of Goldman 1 is to heat the vessel wall {see, for example column 9, line 13}. 
The purposes of the articles submitted by applicant is (sic) is to heat the blood in the 
vessel. And, as clearly taught by Dew et al. and set forth above, this is achieved by 
employing wavelengths that are absorbed by the tissue that it is desired to be heated." 

In the final rejection dated March 13, 2009, the Examiner seems to abandon the position 

taken in the final rejection dated February 12, 2007 and says the following with regard to the 

evidence of patentability: 

"It is important to note that the articles and product information were 
submitted with affidavits and that all affidavits only aver that the submissions are 
"true copies" of the articles or product literature which is described in the affidavits. 
There is no assertion whatsoever in any affidavit of record that the articles or product 
literature are in any way representative of the prior art with respect to varicose vein 
treatment. Instead such assertion are made only in the remarks accompanying the 
affidavits. This is interesting, given that these remarks bear the signature of Mr. 
Geriak one of the affiants. However, as these assertions are only submitted in the 
form of remarks accompanying a response, they cannot be elevated to the status of 
evidence. As such, these remarks are noted, but do not speak to the propriety of the 
combination which the examiner has applied to the claims." 

The foregoing statement is remarkable in many respects, but the single most remarkable 
aspect of the Examiner's statement is the sentence which says "There is no assertion whatsoever in 
any affidavit of record that the articles or product literature are in any way representative of the prior 
art with respect to varicose vein treatment." Just the opposite is true. 



treatment: 
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In the Hennings Declaration dated December 22, 2008, after stating in paragraph 4 that Mr. 

Hennings has "30 years of experience in the design, development and use of laser-based devices for 

medical applications and 6 years of such experience with regard to lasers used for treatment of 

varicose veins", Mr. Hennings says, in paragraph 10: 

"Based on my own first-hand knowledge I can state unequivocally that the 
Examiner was incorrect in refusing, at page 1 1 of the Examiner's answer, to accept 
the assertions of our counsel, Mr. Geriak, that Exhibits A, B and C to his declaration 
were representative of the prior art. Furthermore, I believe that the Fan/Rox- 
Anderson article attached hereto is fully consistent with the fact that Exhibits A, B 
and C attached to the aforesaid Geriak declaration are representative of the prior art." 

Similarly, in paragraph 8 of the Goldman Declaration dated December 23, 2008, Dr. 

Goldman states: 

"Our use of laser wavelengths in the range 1 200- 1 800 nm as claimed in the 
present application was contrary to the view held by prior art workers that such 
wavelengths would be undesirable, a view expressed in the Minn and Proebstle 
articles which are attached to the Geriak declaration as Exhibits A, B and C and 
which are representative of the belief held by the prior art prior to the invention 
claimed in this application." 

Thus, the Examiner's assertion that there are no such declarations of record in the present 
application is profoundly erroneous. 

The Examiner's earlier statement in the final rejection dated February 12, 2007 that the 
articles attached as Exhibits A, B and C to the Geriak Declaration do not constitute a "statistically 
significant sample" of "all the publications dealing with laser treatment of varicose veins" is not only 
seriously misguided and unsupported by identification of any other such publications, it is also at 
odds with the Fan/Rox- Anderson survey article attached as Exhibit 1 to the Hennings Declaration 
dated December 22, 2008. That article cites to the two Proebstle articles, Exhibits B and C to the 
Geriak Declaration, in footnotes 7 and 14. This is a powerful demonstration that the Proebstle 
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articles are fully representative of the prior art. In addition, the Fan/Rox-Anderson article also cites 
two articles from the Journal of Vascular and Interventional Radiology in footnotes, 12, 21 and 22 
which is the same journal in which the Minn article attached as Exhibit A to the Geriak Declaration 
appeared. There are no articles cited in the Fan/Rox-Anderson survey article which in any way 
contradict or express a view contrary to the view expressed in Exhibits A, B and C to the Geriak 
Declaration. Thus, there is absolutely no basis for the notion that those articles are "not statistically 
significant". Furthermore, from a statistics perspective, if all of the articles on a given subject agree, 
they are indeed statistically significant. 

In addition, the Examiner's position statement at pages 19 and 20 of the final rejection dated 
March 13, 2009 takes on a surreal quality when compared with the Examiner's statement at page 2 of 
that final rejection that "In paragraph 6, declarant (Hennings) asserts that the scientific literature 
attached to the Geriak declaration 'are fully representative of the prior art with respect to varicose 
vein treatment." And the Examiner's statement at page 4 that "In paragraph 10, declarant (Hennings) 
asserts that 'I can state unequivocally that the Examiner was incorrect in refusing, at page 1 1 (sic 9) 
of the Examiner's answer, to accept the assertions of our counsel, Mr. Geriak, that Exhibits A, B and 
C to his Declaration were representative of the prior art.'" is equally at odds with his position 
statement on pages 19 and 20. Thus, although the existence of any such declarations is denied on 
page 19 of the final rejection, there is a recognition on pages 2 and 4 that such declaration statements 
do exist. Then, to compound matters, the Examiner goes on to say at page 4 of the final rejection 
that "Declarant's (Hennings) statement is simply opinion testimony." Factual statements such as 
those made by Mr. Hennings cannot be blithely wished away by characterizing them as "opinion". 
The Hennings statements are fact, not opinion, and are not contradicted by anything in the record. 

OHSWest:260747586.1 -2A 



Applicant 
Appl. No. 
Examiner 
Docket No. 



David R. Hennings 
10/699,212 
David M. Shay 
15487.4002 



Indeed, the Examiner acknowledges at pages 5 and 6 that the Fan/Rox-Anderson article is consistent 
with the articles which are exhibits to the Geriak Declaration being representative of the prior art. 

Furthermore, at page 8 of the final rejection, the Examiner discusses paragraph 8 of the 
Goldman Declaration but entirely fails to recognize the statement in that paragraph that Exhibits A, 
B and C to the Geriak Declaration are representative of the prior art. 

Thus, the Examiner has variously denied the existence of the Hennings and Goldman 
Declarations (page 19), recognized the statements in paragraphs 6 and 10 of the Hennings 
Declaration at pages 2 and 4 of the final rejection, but dismissed them as "simply opinion testimony" 
at page 4 of the final rejection and has ignored the same statement regarding representative prior art 
in paragraph 8 of the Goldman Declaration at page 8 of the final rejection. This head-spinning 
inconsistency in the final rejection defies explanation. 

Thus, the final rejection falls far short of the standard set forth in In Re Kahn , 441 F.3d 977, 

988 (Fed. Cir. 2006) that: 

"[Rejections on obviousness grounds cannot be sustained by mere conclusory 
statements; instead there most be some articulated reasoning with some rational 
underpinning to support the legal conclusion of obviousness." 

Here, there is just the opposite. The Examiner's statement of his positions is inconsistent and 
those positions are all over the lot. Furthermore, those positions cannot be read other than as a flat- 
out refusal to give effect to the evidence of patentability submitted by the applicants. Such a refusal 
is directly contrary to law as set forth in In Re Sullivan , 498 F.3d 1345, 84 USPQ2d 1034 (Fed. Cir. 
2007) which held that evidence submitted by a patent applicant must be given meaningful 
consideration. Furthermore, as noted in In Re Sullivan , at 498 F.3d 1351, evidence "that the prior art 
teaches away from the claimed invention in any material respect is probative evidence of 
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unobviousness." Similarly, the decisions in In Re Haruna , 249 F.3d 1327, 1335 (Fed. Cir. 2001) and 

in Tec Air, Inc. v. Denso Mfg. Co ., 192 F.3d 1353, 1360 (Fed. Cir. 1999) state that: 

"A reference may be said to teach away when a person of ordinary skill, upon 
reading the reference, .... would be led in a direction divergent from the path that was 
taken by the applicant." 

This is precisely the situation presented in this appeal in which the applicants diverged both 

with regard to chromophore targets and laser wavelengths from the path taken by the prior art. This 

is compelling rebuttal evidence of patentability. However, the Examiner has utterly failed to comply 

with the requirement of Sullivan at 498 F.3d 1351 that: 

"When a patent applicant puts forth rebuttal evidence, the Board must 
consider that evidence. See In Re Soni , 54 F.3d 746, 750 (Fed. Cir. 1995.)" 

In Sullivan , the Court remanded the case to the Board. In the present case, it is respectfully 
submitted that the deficiencies in the Examiner's rejections, even without his refusal to consider the 
evidence of patentability set forth in the declarations, mandate a reversal of the. Examiner's rejections 
and that the evidence of patentability which has been submitted would overwhelmingly refute a 
prima facie showing of obviousness if such a showing had been made. Thus, it is believed that, 
reversal of the Examiner's rejections is appropriate. 
Conclusion 

The claims in the present application are directed to an invention which is plainly patentable 
over the prior art. It is respectfully submitted that a reversal of each of the rejections is appropriate. 
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Request for Oral Hearing 

Applicant hereby requests that an Oral Hearing be scheduled in this application. The 
Commissioner is hereby authorized to charge any fees associated to Deposit Account No. 15-0665. 
Fees 

The Commissioner is authorized to charge Orrick's Deposit Account No. 15-0665 for any 
fees required and credit any overpayments to said Deposit Account No. 15-0665. 



ORRICK, HERRINGTON & SUTCLIFFE LLP 
4 Park Plaza, Suite 1600; 
Irvine, CA 92614-2558 
Telephone: 949/567-6700 
Facsimile: 949/567-6710 



Respectfully submitted, 



Orrick, Herrington & Sutcliffe, LLP 



Dated: October 20, 2009 




James W. Geriak, Reg. No. 20,233 
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CLAIMS APPENDIX 



1. 



An endovenous method of treating a varicose veins comprising the step of using a 



laser having a wavelength between about 1.2 and about 1.8 um to heat and shrink collagen in a 



varicosed vein and to destroy the functionality of the varicose vein. 



2. 



The method of claim 1 in which the laser energy is delivered with a fiber optic laser 



delivery device. 

3. The method of claim 1 further comprising the following steps: 
inserting a fiber optic laser delivery device into the varicose vein; 

using a pullback device to retract the fiber optic laser delivery device through the varicose 
vein at a rate of between about 0.1 mm/sec and about 10.0 mm/sec while simultaneously delivering 
laser energy therefrom. 

4. The method of claim 3 in which the fiber optic laser delivery device is retracted at a 
rate of between about 1.0 mm/sec and about 5.0 mm/sec. 

5. The method of claim 3 in which the pullback device begins retraction of the fiber 
optic laser delivery device just prior to initiating delivery of the laser energy, thereby preventing the 
tip of the fiber, optic laser delivery device from sticking to the vessel wall. 

6. The method of claim 1 further comprising the preliminary step of removing blood 
from the varicosed vein prior to treatment with laser energy. 

7. The method of claim 2 in which the fiber optic laser delivery device is introduced to 
the varicose vein through an introducer catheter. 
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8. The method of claim 2 in which the energy delivered through the fiber optic laser 
delivery device is evenly distributed by using a diffuse radiating-tip mounted to the distal end of the 
fiber optic laser delivery device. 

9. The method of claim 2 in which an non-contact thermal sensor is used to maintain a 
desired temperature. 

10. The method of claim 9 in which the thermal sensor is used to maintain a desired 
coagulation temperature. 

11. The method of claim 9 in which the thermal sensor is used to maintain a desired 
collagen shrinkage temperature. 

12. The method of claim 2 further comprising the step of using the fiber optic laser 
delivery device as a thermal sensing element. 

13. The method of claim 9 further comprising the step of modulating the laser power 
based on the sensed temperature to maintain the desired temperature. 

14. A system for endovenous treatment of varicose veins comprising the following: 
a laser having a wavelength between about 1 .2 and about 1 .8 um; and 

a fiber optic laser delivery device having a proximal end and a distal end, for delivery of laser 
energy from the distal end of the fiber optic laser delivery device to the inside wall of a varicose vein 
wherein the functionality of the varicose vein is destroyed and collagen in the varicosed vessel wall 
can be heated and shrunk. 

15. The system of claim 14 further comprising a pullback device which retracts the fiber 
optic laser delivery device through the varicose vein at a rate of between about 0.1 mm/sec and about 
10.0 mm/sec. 
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16. The system of claim 14 further comprising means for administration of anesthesia to 
tissue surrounding the varicose vein, wherein the anesthesia causes swelling of the tissue 
surrounding the varicose vein which causes compression of the varicose vein in order to remove 
blood prior to treatment. 

17. The system of claim 14 further comprising an introducer catheter in which an 
elongated lumen portion has a proximal end and a distal end, wherein the fiber optic laser delivery 
device is introduced to the introducer catheter through the proximal end and is introduced to the 
varicose vein through the distal end. 

18. (cancelled) 

19. The system of claim 17 further comprising a diffusing tip at the distal end of the 
introducer catheter for providing even distribution of energy radiating during treatment. 

20. The system of claim 17 further comprising a diffusing tip at the distal end of the fiber 
optic laser delivery device for providing even distribution of energy radiating during treatment. 

21 . The system of claim 14 further comprising an non-contact thermal sensor. 

22. The system of claim 21 further comprising a controller coupled to the thermal sensor 
for controlling the temperature in a region near the distal end of the fiber optic laser delivery device. 

23. The system of claim 22 in which the controller modulates a power input to the laser 
for controlling the temperature in a region near the distal end of the fiber optic laser delivery device. 

24. (cancelled) 

25. An endovenous method of treating varicose veins with laser energy to heat and shrink 
collagen in the vein and to destroy the functionality of the varicosed vein, the method comprising the 
following steps: 
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inserting a laser delivery device into the varicose vein; 



delivering laser energy having a wavelength between about 1.2 and about 1.8 um to 



the varicose vein; and 



retracting the laser delivery device through the varicose vein, thereby heating and 



shrinking the collagen in the vein and destroying the functionality of the varicose vein. 



26. 


The method of claim 1 wherein the laser has a wavelength of about 1.32 um. 


27. 


The system of claim 14 wherein the laser has a wavelength of 1.32 um. 


28. 


The method of claim 25 wherein the laser energy has a wavelength of about 1 .32. um. 


29. 


The method of claim 1 wherein said laser is a Nd: YAG laser. 


30. 


The system of claim 14 wherein said laser is a Nd:YAG laser. 


31. 


The method of claim 25 wherein said laser is a Nd: YAG laser. 


32. 


The method of claim 1 wherein the laser energy preferentially heats the water in the 


wall of the vein. 


33. 


The system of claim 14 wherein the laser is adapted to preferentially heat water. 


34. 


The method of claim 25 wherein the laser energy preferentially heats the water in the 


wall of the vein. 


35. 


A method of treating varicose veins, comprising: 




providing a beam of light comprising a wave length in the range of about 1200 nm to 


about 1800 nm; and 




delivering endovascularly the beam of light to target a chromophore comprising water 


in the wall of a targeted varicose vein to treat the vein. 


36. 


(Cancelled) 
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37. The method of claim 1 wherein said wave length is about 1320 nm. 

38. The method of claim 35 further comprising delivering the beam of light via an optical 



39. The method of claim 38 further comprising delivering the beam of light through a 
diffusing tip connectable to the optical fiber. 

40. The method of claim 35 wherein the treatment comprises reducing the size of the 
targeted varicose vein. 

41. The method of claim 1 further comprising heating the target chromophore to a 
temperature not greater than about 85° C. 

42. (previously presented) The method of claim 38 wherein a pull-back device is used to 
position the optical fiber. 

43. The method of claim 42 wherein the pull-back device withdraws the optical fiber 
from the targeted varicose vein at a rate of between about 0.1 mm/sec. and about 10.0 mm/sec. 

44. The method of claim 35 in which blood is removed from the varicose vein prior to 
treatment with the beam of light. 

45. The method of claim 35 wherein the beam of light has a power between about 1 to 
about 20 watts. 

46. The method of claim 45 wherein the beam of light has a power of about 5 watts. 



fiber. 
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Endovenous Laser Treatment of Saphenous 
Vein Reflux: Long-Term Results 

Robert J. Min, MD, Neil Khilnani, MD, and Steven E Zimmet, MD 

PURPOSE: To report long-term follow-up results of endovenous laser treatment for great saphenous vein (GSV) reflux 
caused by saphenofemoral junction (SFJ) incompetence. 

MATERIALS AND METHODS: Four hundred runety-nine GSVs in 423 subjects with varicose veins were treated over 
a 3-year period with 810-nm diode laser energy delivered percutaneously into the GSV via a 600-jim fiber. Tumescent 
anesthesia (100-200 mL of 0.2% lidocaine) was delivered perivexiously under ultrasound (US) guidance. Patients were 
evaluated clinically and with duplex US at 1 week, 1 month, 3 months, 6 months, 1 year, and yearly thereafter to assess 
treatment efficacy and adverse reactions. Compression sclerotherapy was performed in nearly all patients at f ollow-up 
for treatment of associated tributary varicose veins and secondary telangiectasia. * 

^^^r 511 ^ 5 ^ ocdusion of ^ GSV * defined as absence of flow on color Doppler imaging, was noted in 490 
ot 499 GSVs (9&U%) after initial treatment One hundred thirteen of 121 limbs (93.4%) followed for 2 years have 
r ™ aine i d i d ? Sed> fte treated Portions of the GSVs not visible on duplex imaging. Of note, all recurrences have 
occurred before 9 months, with the majority noted before 3 months. Bruising was noted in 24% of patients and 
tightness along the course of the treated vein was present in 90% of limbs. There have been no skin burns, 
paresthesias, or cases of deep vein thrombosis. 

CONCLUSIONS: Long-term results available in 499 limbs treated with endovenous laser demonstrate a recurrence 
rate of less than 7% at 2-year follow-up. These results are comparable or superior to those reported for the other 
options available for treatment of GSV reflux, including surgery, US-guided sclerotherapy, and radiofrequency 
ablation. Endovenous laser appears to offer these benefits with lower rates of complication and avoidance of general 
anesthesia. ° 

J Vase Interv Radiol 2003; 141*991-996 

Abbreviations: GSV = great saphenous vein, KF - tadiofrcquency, SFJ *= saphenofemoral junction 



LOWER-extremity venous insuffi- 
ciency is a common medical condition 
afflicting 25% of women and 15% of 
men in the United States (1). Gender, 
pregnancy, hormones, aging, and 
gravitational forces from prolonged 
standing or sitting are the most com- 
mon factors that influence the appear- 



ance or worsening of primary varicose 
veins (2,3). Although many people 
seek medical treatment for varicose 
veins because they find them un- 
sightly, most people with varicose 
veins do experience symptoms (4,5). 
Unfortunately, symptoms of primary 
venous insufficiency are often not rec- 
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ognized by patients or their physi- 
cians. Characteristic leg complaints as- 
sociated with varicose veins include 
aching pain, night cramps, fatigue, 
heaviness, or restlessness. Symptoms 
arise from pressure on somatic nerves 
by dilated veins and are typically 
worsened with prolonged standing, 
during the premenstrual period, or in 
warm weather (6). Left untreated, 
nearly 50% of patients with significant 
superficial venous insufficiency will 
eventually experience chronic venous 
insufficiency characterized by lower- 
extremity swelling, eczema, pigmenta- 
tion, hemorrhage, and ulceration (7). 

GreaLsaphenous vein (GSV) reflux 
is Hie most common underlying cause 
of significant varicose veins. Tradi- 
tional treatment of GSV reflux has 
been surgical removal of the GSV. Al- 
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though surgical Hgation and s tr ip ping 
of the GSV has been the most durable 
treatment, it is associated with signif- 
icant perioperative morbidity. Less-in- 
vasive surgical treatments including 
high ligation of the GSV at the saphe- 
nofemoral junction (SFJ) have been at- 
tempted with the hope that gravita- 
tional reflux would be controlled 
while the vein is preserved for possi- 
ble use as a bypass graft Unfortu- 
nately, ligation of the GSV alone usu- 
ally results in recurrent varicose veins 
(8). Even when high Hgation has been 
combined with phlebectomy of vari- 
cose tributaries or retrograde sclero- 
therapy, recurrence has been the rule 
(9,10). Therefore, when it is deter- 
mined that GSV reflux is the principal 
underlying problem, treatment should 
involve eliminating this source of re- 
flux with ablation of any associated 
incompetent venous segments. 

In 1999, Bone (11) first reported on 
delivery of endoliuninal laser energy. 
Since then,- a method for treating the 
entire incompetent GSV segment has 
been described (12,13). Endovenous 
laser treatment, which received ap- 
proval from the US Food and Drug 
Administration in January 2002, al- 
lows delivery of laser energy directly 
into the blood vessel lumen. Non- 
thrombotic vein occlusion is accom- 
plished by heating the vein wall with 
810-nm-wavelength laser energy de- 
livered via a 600-/im. laser fiber 
(Diomed, Andover, MA). Sufficient 
heating of the vein wall is necessary to 
cause collagen contraction and denu- 
dation of endothelium. This stimulates 
vein wall thideening, eventual luminal 
contraction, and fibrosis of the vein. 
The purpose of this study is to report 
on the long-term follow-up results of 
endovenous laser treatment for GSV 
reflux. 

MATERIALS AND METHODS 

This prospective, nonrandomized, 
consecutive-enrollment study in- 
cluded 423 patients who underwent 
endovenous laser treatment of incom- 
petent GSV segments with 810-nm di- 
ode laser energy delivered intralumi- 
nally for treatment of primary varicose 
veins. The study protocol was ap- 
proved by the Weill Medical College 
of Cornell University Institutional Re- 
view Board All patients gave written 
informed consent before treatment. 



Patient Selection 

Directed history and physical ex- 
amination, mduding duplex ultra- 
sound (US) evaluation of the superfi- 
cial venous system, was performed on 
limbs of subjects with varicose veins- 
Study inclusion criteria included vari- 
cose veins caused by SFJ incompetence 
with GSV reflux as demonstrated by 
duplex US imaging, age of at least 18 
years, and ability to return for sched- 
uled follow-up examinations for 12 
months after endovenous laser treat- 
ment Exclusion criteria included non - 
paJpable_ pedal pulses; inability to am- 
bulate; deep vein thrombosis; g eneral 
poor health; pregnancy, nursing^'o r 
plansTto b ecome pregna nt during the 
course oi^artiapauon m the rnvesn- 
garion;^arig extremely tortuous GS ys 
that would not allow endovenou s 
catheterization and passage of the ia- 
ser fiber as id entifi ed onpretreatme nt 
ven qu* dupjexHDb mappin g. After ini- 
tial consultation and evaluation, sub- 
jects meeting the appropriate criteria 
were offered surgeiy versus en- 
dovenous laser treatment Nearly all 
subjects chose endovenous laser over 
surgical ligation and stripping. 

Five hundred four incompetent 
GSVs were treated with endovenous 
laser over a 39-month period. Five 
limbs were lost to follow-up. The re- 
maining 499 limbs in 423 patients com- 
prise the study population. This group 
consists of 352 women (83%) and 71 
men (17%) ranging in age from 23 to 
72 years, with a mean age of 42 years. 

Follow-up ranged from 1 month to 
39 months with a mean follow-up pe- 
riod of 17 months and an SD of 11 
months. Aching leg pain was the most 
common presenting symptom, found 
in 87% of limbs. Overall, slightly more 
left legs (n = 263, 53%) were treated, 
and 76 patients (18%) were treated for 
bilateral GSV reflux. Pretreatment 
GSV diameter, measured in the up- 
right position approximately 2 cm be- 
low the SFJ, ranged from 4.4 mm to 29 
mm (mean, 11 mm; SD, 4.2 mm). 

None of the patients in this series 
underwent concomitant ambulatory 
phlebectomy. All but seven patients 
underwent compression sclerotherapy 
treatment of distal varicose tributaries 
or associated telangiectasias at fol- 
low-up visits. 



Description of Technique 

Duplex US was performed in the 
upright position to map incompetent 
sources of venous reflux and then to 
mark the skin overlying the incompe- 
tent portion of the GSV starting at the 
SFJ. After venous duplex mapping, a 
percutaneous entry point was chosen. 
This point may be where jreflux js no 
loiige rsee n or where the GSV becomes 
Jpo smalTto access (usually just abov e 
or below Knee level). With use 57 local 
anesthesia and sonographic guidance, 
the GSV was punctured. A 5-F intro- 
ducer sheath was placed into the GSV 
over a guide wire and advanced past 
the SFJ into the femoral vein. Intralu- 
minal position within the GSV was 
confirmed by aspiration of nonpulsa- 
tile venous blood and visualization 
with US. 

The sheath was flushed and a 
600-jim laser fiber (Diomed) was in- 
serted in the sheath and advanced up 
to the first site mark, indicating that 
the distal tip of the laser fiber was 
flush with the end of the sheath- The 
sheath was then withdrawn to the sec- 
ond site mark* exposing the distal 3 cm 
of the bare-tipped laser fiber. The 
sheath and fiber were pulled back to- 
gether and positioned at the SFJ under 
US guidance. Position was confirmed 
by direct visualization of the red aim- 
ing beam of the laser fiber through the 
skin. 

Tumescent local anesthesia consist- 
ing of 100-200 mL of 0.2% Hdocaine 
neutralized with sodium bicarbonate, 
was administered along the perive- 
nous space with use of US guidance. 
In addition to the anesthetic effects, 
properly delivered, this fluid serves 
two important functions: (1) it com- 
presses and reduces the diameter_ of 
e ven the largest veins to provide vein 
wall apposition around the fiber tip 
with subsequent circumferential heat- 
ing of the vein wall and (2) it provides 
a^heat sink" to minimize the possibi l- 
it y of neaRfelated damage tQ^rijarynt 
tissues. Figure la demonstrates the 
typical transverse sonographic ap- 
pearance of the laser fiber and catheter 
seen centrally within an enlarged GSV 
located in the saphenous space Proper 
and adequate delivery of tumescent 
anesthesia should result in fluid sur- 
rounding a compressed GSV as shown 
in Figure lb. 

The tip of the laser fiber was repo- 
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FignreL Duplex US (transverse view) demonstrating appearance of the GSV before and 
after proper delivery of tumescent anesthesia, (a) Inrralmnmal position of laser fiber and 
catheter within an enlarged GSV; (b) tumescent anesthesia delivered by echogenic needle 
tip adjacent to laser fiber and catheter with fluid surrounding the compressed GSV. 



sitioned within the GSV 5-10 mm dis- 
tal to the SFJ. Tip position was checked 
by US and direct visualization of the 
red aiming beam through the skin. La- 
ser energy (810-nm diode laser; 
Diomed) was delivered at 14 W in con- 
tinuous mode. T he vein was treated 
torn 5-lB mm below the SFJ to ap- 
proximately 1 cm above the skin entry 
site. Length of GSV treated with en- 
dovenous laser ranged from 10 cm to 
55 an (mean, 35 cm; SD, 10 cm). The 
laser fiber was withdrawn at an aver- 
age rate of^m mper second (18 cm p er 
minute). Of patients treated with 14-W 
continuous mode (n = 276, or 55% of 
limbs), delivery of laser energy ranged 
from 25 seconds (at 358 J) to 187 sec- 
onds (at 2jS15 J), with a mean of 123 
seconds (SD, 47 sec) or 1727 J (SD, 650 

A class II (30-40 mm Hg) full-thigh 
graduated support stocking or panty 
hose was worn for at least 1 week at all 
times except to sleep or to shower. 
Patients were instructed to ambulate 
and resume their normal daily activi- 
ties immediately. Clinical and duplex 
US follow-up was obtained at 1 week, 
1, 3, 6, 9, and 12 months, and then 
yearly. 

Compression sclerotherapy treat- 



ment of distal varicose tributaries was 
performed with use of sodium tetra- 
decyi sulfate (0.3%-l% concentration). 
A detailed description of sclerother- 
apy technique is beyond the scope of 
this article but the approach used was 
the "French school" originally advo- 
cated by Tburnay and" more recently 
popularized in the United States by 
Goldman and other phlebologists (14). 
This technique relies on starting from 
the highest points of reflux and pro- 
ceeding downward, and treating veins 
from the largest to the smallest Com- 
pression stockings or panty hose were 
worn for at least 1 week after sclero- 
therapy treatments except to sleep or 
shower. Sclerotherapy treatments 
were performed at 4-week intervals, 
starting 1 month after endovenous la- 
ser ablation of the GSV. 

Study Endpoints and Definitions 

Duplex US criteria for successful 
treatment were the following: at 
1-week follow-up, an enlarged non- 
compressible GSV, miriimaDy de- 
creased in diameter, with echogenic, 
thickened vein walls, and no flow seen 
within the ocduded vein lumen on 
' color Doppler mterrogation; at 3- and 



6-month follow-up, an occluded GSV 
with substantial (>50%) reduction in 
diameter; and at 1 year and beyond, 
complete disappearance of the GSV or 
ininimal residual fibrous cord with no 
flow detectable It is important to note 
that the expected appearance 1-2 
weeks after endovenous laser is a 
slightly smaller GSV demonstrating 
wall thickening with absence of flow 
within the treated vein segment The 
vein lumen is usually obliterated by 
the thickened wall, which has low- 
level echoes and is incompressible. 
This wall tMckening should be differ- 
entiated from acute GSV thrombosis 
wherein the vein is also incompress- 
ible but the lumen is filled with ane- 
choic acute thrombus. Several weeks 
after successful endovenous laser 
treatment, resolution of the acute in- 
flarnmation in the vein wall should 
result in reduction in vein diameter. 
After several months, most of the 
treated vein segments will fibrose and 
be difficult to identify. Alternatively, 
superficial thromrxjprUebitis with GSV 
thrombus would result in recanaliza- 
tion of the vein- A longitudinal view of 
an enlarged, incompetent GSV is seen 
in Figure 2a. Figure 2b demonstrates 
the typical color Doppler appearance 
of a successfully treated GSV 1 year 
after endovenous laser treatment 

Clinical evaluation was performed 
on all subjects at 1 week, 1, 3, 6, 9, and 
12 months, and yearly thereafter by 
the same physician (RJvl) who per- 
formed all the endovenous laser pro- 
cedures. Patients were queried about 
symptomatic relief at follow-up visits, 
particularly improvement or resolu- 
tion of lower-extremity pain believed 
to be associated with venous insuffi- 
ciency. Improvement in the appear- 
ance of the leg, including reduction in 
visible varicosities, swelling, pigmen- 
tation, or other skin changes second- 
ary to chronic venous insufficiency, 
were assessed by the patient and with 
direct comparison with pretreatment 
photographs obtained from all sub- 
jects undergoing treatment Patients 
were evaluated for possible adverse 
reactions caused by endovenous laser 
treatment at each follow-up visit Mi- 
nor complications were denned as 
those that had no significant clinical 
sequelae, such a s bruising . Major com- 
plications were defined as those neces- 
sitating an increased level of care, sur- 
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Kgure 2. Color Doppler examinations (longihidinaJ views) of the GSV at the SFI 
deinonstratag successful ocdusian after endovenous laser treatment (a) Pretreatment 
evaluation demonstrates an enlarged GSV with reflux after distal calf compression; (b) 
1-vear follow-up exairunation shows typical "cuMe-sac* appearance of the proximal GSV 
with occlusion of the treated segment 



gery, hospitalization, or permanent 
adverse sequelae. 

RESULTS 

Follow-up results ranging from 1 
month to 39 months (mean, 17 
months; 5D, 11 months) were obtained 
in 499 of the 504 limbs treated with 
endovenous laser during the study pe- 
riod. Successful endovenous la se r 
treatment, as defined earlier, was seen 
in 490 of 499 limbs (98%) at 1-month 
follow-up. Eight of nine GSVs requir- 
ing repeat endovenous laser were suc- 
cessfully closed with a second en- 
dovenous laser treatment Continued 
closure of the treated GSV segments 
was noted at longitudinal follow-up at 
the following rates: 444 of 447 (993%) 
at 3 months, 390 of 396 (98-5%) at 6 
months, 351 of 359 (97.8%) at 9 
months, 310 of 318 (975%) at 1 year, 
and 113 of 121 (93.4%) at 2 years. Forty 
subjects have been followed for 3 
years and no new recurrences were 
seen at 2 or 3 years that were not 
present at 1-year follow-up. In fact, all 
recurrences were noted before 9 
months, with the majority seen by 3 
months. This may indicate that these 
were not true recurrences but rather 
inadequate initial treatments. 

Clinical exarrrination correlated 
well with duplex US findings. All pa- 
tients showed improvement in the ap- 
pearance of the limb with disappear- 
ance or reduction in the size and 
number of visible varicosities. The 
typical appearance of varicose veins 
caused by incompetence of the SFJ 
with GSV reflux is shown in Fi gure 3a. 



One month after endovenous laser 
treatment, relief of symptoms and sig- 
nificant improvement in the appear- 
ance of the varicose veins was noted 
(Fig 3b). By 6 months after initial 
treatment, pain was greatly" im- 
proved or resolved in all treated 
limbs. Although symptomatic reso- 
lution and significant improvement 
in the appearance of the leg is usu- 
ally noted after endovenous laser 
treatment alone, most patients will 
need additional- complementary pro- 
cedures (ie, sclerotherapy or phle- 
bectomy) to fully realize the restor- 
ative benefits of treatment 

• Bruising outside the puncture site 
was noted in 24% of limbs at 1 -week 
follow-up . ^BruTsmg resolved in aU 
subjects before 1-month follow-up. 
Ninety percent of subjects felt a de- 
layed tightness peaking 4-7 days after 
laser treatment and lasting 3-10 days. 
This sensation, described as "pull in g* 
along the course of the treated GSV, 
was not felt in the nine patients in 
whom initial treatment failed. Five 
i>ercent of patients developed superfi - 
cial phlebitis of varico se tributaries af- 
ter endovenous laser occiusiorTot the 
GSV. Most cases required no treat- 
ment Symptomatic patients were 
treated with graduated compression 
stockings and over-the-counter antiin- 
flammatory agents. All minor compli- 
cations listed earlier resolved without 
sequelae. There have been no skin 
burns, paresthesias, cases of deep vein 
thrombosis, or other rninor or major 
complications. The procedure was 



well-tolerated by all subjects with 
strictly local anesthesia. 

Overall treatment satisfaction was 
determined by asking subjects if they 
would recommend the procedure to a 
friend with similar leg vein problems, 
and 422 of 423 subjects (99.8%) indi- 
cated they would recommend the 
procedure. 

DISCUSSION 

Percutaneous methods for treating 
incompetent GSVs are not new. Du- 
plex-guided sclerotherapy for treat- 
ment of GSV reflux has been at- 
tempted, but long-term studies have 
failed to prove durability comparable 
to surgery (15-19), Initial attempts at 
damaging vein walls by electrocoagu- 
lation involved creation of a thrombus 
within the vessel lumen, ultimately re- 
sulting in recanalization (20-22). Early 
methods of mtralurninal delivery of 
high-frequency alternating-current ra- 
diofrequency (RF) energy to treat GSV 
reflux were complicated by skin 
bums, saphenous nerve and peroneal 
nerve injury, phlebitis, and wound in- 
fection (23). 

A more modern technique of the 
use of RF energy to eliminate saphe- 
nous vein reflux has been developed 
by VNU5 Medical Technologies 
(Sunnyvale, CA). Early results re- 
ported from a mulu'center trial dem- 
onstrated a reasonable degree of suc- 
cess with an overall failure rate of 10% 
at a mean follow-up of 4.7 months 
(13% in patients treated with RF alone 
and 5% in patients treated with RF 
plus high ligation of the GSV). Com- 
plications included transient paresthe- 
sias (thigh, 9%; leg, 51%), skin bums 
(3%), deep venous thrombosis (3%), 
and one pulmonary embolus (24). 
More recent studies have demon- 
strated success rates of 73%-90% with 
follow-up to 24 months in 21 limbs 
(25-27). 

One of the limitations of our study 
is that it does not provide a blinded, 
randomized comparison of the vari- 
ous modem percutaneous methods 
available for treatment of GSV reflux, 
including RF and wavelengths of laser 
energy other than 810 run. However, 
review of the literature allows some 
comparisons and raises some interest- 
ing areas for future study. 

RF current damages tissue by resis- 
tive heating of structures in direct con- 
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Figure 3. Significant improvement in appearance of varicose tributaries after en- 
dovenous laser treatment of an incompetent left GSV. (a) Typical appearance of varicose 
veins caused by GSV reflux; (b) the same leg 1 month after endogenous laser treatment 



tact with the electrodes. Deeper tissue 
planes are heated by conduction into 
nonnothermic tissue. Because the po- 
tential for heating of adjacent perive- 
nous tissue is high* safe treatment 
with RF depends on proper delivery of 
adequate tumescent anesthesia. Effec- 
tive use of tumescent anesthesia ap- 
pears to have reduced the incidence of 
heat-related complications. In expert 
hands, the incidence of paresthesias 
after RF has occurred in as few as 8.5% 
of limbs within 1 week of treatment 
and decreased to 07% at 6 months 
(27). However, with less-experienced 
physicians, RF still has been compli- 
cated with heat-related adverse effects 
such as paresthesias (10% at 6 months) 
and skin burns (33%) (25). 

Published experience with en- 
dovenous laser with use of wave- 
lengths other than 810 ran is limited. A 
recent study by Chang and Quia (28) 
reported the use of l,064r-nm laser en- 
ergy delivered endovenously for treat- 
ment of GSV reflux. Although this 
study reported a success rate of 96.8% 



in 244 legs followed up to 28 months, 
significant complications were noted, 
including paresthesias (36-5%) and 
skin burns {4.8%). In addition to en- 
dovenous laser ablation, all patients in 
their study underwent surgical liga- 
tion and division of the proximal and 
distal ends of the treated GSV. In ad- 
dition, patients treated with the 
1,064-nm wavelength underwent spi- 
nal or general anesthesia rather than 
strictly local tumescent anesthesia (28). 
r "" - In comparison, in our series of more" 
than 500 limbs treated with 810-nm 
diode laser energy delivered en- 
dovenously, there have been no heat- 
related complications despite the high 
temperatures attained at the laser fiber 
tip. This may be explained by the fol- 
lowing: (1) improved delivery and use 
of sufficient amounts of tumescent 
fluid in the proper tissue plane pro- 
viding a protective thermal "sink;*' (2) 
selective, homogeneous, and circum- 
ferential heating of the inner vein wall 
by absorption of 810-nm laser energy 
by blood lining the vein wall, as noted 



in a recent study by Proebstle et al 
(29), rather than deeper penetration of 
laser energy and less-homogeneous 
heating from endovenous laser per- 
formed with wavelengths such as 
1,064 ran, which are absorbed less by 
blood and more by water; and (3) 
faster rates of withdrawal and shal- 
lower depth of penetration of 810-nm 
laser energy, resulting in less damage 
to surrounding nontarget tissue com- 
pared with methods that use RF. - 
It has been suggested that a ran- 
domized controlled trial comparing 
outcomes of endovenous laser abla- 
tion of the saphenous vein to surgical 
ligation and stripping should be per- 
formed; however, such a study would 
be difficult given patients' over- 
whelming desire for minimally inva- 
sive treatments rather than surgery. 
Review of the existing surgical litera- 
ture does provide some insight in as- 
sessing treatment durability. Multiple 
studies have shown that recurrence of 
varicose veins after GSV stripping oc- 
curs early (30), with 73% of limbs des- 
tined for recurrent varicosities at 5 
years already having them at 1 year 
(31,32). Our results with endovenous 
laser have supported this, demonstrat- 
ing that what is found on duplex im- 
aging early is predictive of what will 
be seen later, with none of the treated 
patients developing recanalizau'an of 
successfully occluded GSVs at 2 or 3 
years that was not seen before 9 
months. 

Performing endovenous ablation of 
the GSV without dissection of the SFJ 
violates a cardinal rule in saphenous 
vein surgery that each of the tributar- 
ies must be individually divided. Sur- 
prisingly, the combined experiences 
with transcatheteT endovenous abla- 
tion procedures have shown lower re- 
currence rates than with surgical liga- 
tion and stripp ing. Perhaps minimizin g 
dissection in the groin and preserving 
venous drainage in normal, competent 
tributaries while removing only the 
abnormal refluxing segments does not 
incite neovascularization. 

The understanding of venous disor- 
ders continues to improve with tre- 
mendous strides being made over the 
past decade. Readily "available nonin- 
vasive diagnostic tests allow physi- 
cians to precisely map out abnormal 
venous pathways and identify sources 
of incompetence. Modern percutaneous 
methods of sealing incompetent veins 
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provide patients with alternatives to li- 
gation and stripping for treatment of 
GSV reflux without the familiar morbid- 
ities associated with s ur gery (33,34). 
Given these recent advances, many phy- 
sicians, when properly trained, will now 
be able to successfully diagnose and 
treat the whole spectrum of superficial 
venous insufficiency, offering accept- 
able options to the millions of people in 
the United States alone who have vari- 
cose veins but are unwilling or unable to 
undergo surgery. 
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Thermal Damage of the Inner Vein Wall During 
Endovenous Laser Treatment: Key Role of Energy 
Absorption by Intravascular Blood 
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background. Despite the clinical efficacy of endovenous laser 
treatment (EVLT), its mode of action is incompletely under- 
stood. 

OBJECTIVE. Tp evaluate the role of intravascular blood for the 
effective transfer of thermal damage to the vein wall through 
absorption of laser energy. 

METHODS. Laser energy (15 J/pulsc, 940 am) was endovenously 
administered to cxplanted greater saphenous vein (GSV) seg- 
ments filled with blood (n = 5) or normal saline (n = 5) in addi- 
tion to GSVs under in vivo conditions immediately prior to 
stripping. Histopathology was performed on serial sections to 
examine specific patterns of damage. Furthermore, in vitro gen- 



eration of _steam bubbles by different diode lasers (810, 94b, 
and 980 nm) was examined in saline, plasma, and hemolytic 
blood. 

results. In saline-filled veins, EVLT-induced vessel wall injury 
was confined to the site of direct laser impact. In contrast, blood- 
filled veins exhibited thermal damage in more remote areas in- 
cluding the vein wall opposite to the laser impact. Steam babbles 
were generated in hemolytic blood by all three lasers, while no 
bubbles could be produced in normal saline or plasma. 

Exclusion. Intravascular blood plays a key role for homoge- 
nisly distributed thennal damage of the inner vein wall dur- 
EVLT. — 
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RECENTLY, MINIMALLY invasive techniques have 
been clinically introduced for the effective treatment 
of varicose veins. In particular, VNUS closure 1 ' 2 and en- 
dovenous laser treatment (EVLT) 3 " 5 have been, shown 
to abolish reflux in the incompetent greater saphenous 
vein (GSV). Short-term efficacy has been reporte'd as 
greater than 90% 1 » 2 and 95%, 3 " 5 respectively, compar- 
ing well with the results of classic surgery including 
high ligation and stripping of the GSV. 2 However, 
while the mode of action of VNUS closure has been 
studied in detail, the mechanisms of EVLT action are 
still not completely understood. It has been shown 
that EVLT, unlike VNUS, does not lead to occlusion 
of the vein by significant shrinkage of the vessel wall, 6 
but instead causes a thrombotic occlusion of the laser- 
treated vein. 5 
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Histopathologic examination of laser-treated veins 
revealed perforation of the vein wall at the site of di- 
rect laser impact and thermal damage of adjacent vein 
wall areas. 5 '* For the latter effect, laser-induced steam 
bubble formation has been postulated as the responsi- 
ble mechanism, 5 implicating a putative role for intra- 
vascular blood serving as a chromophore absorbing 
the laser energy. In order, to further clarify the role of 
intravascular blood during EVLT, we performed com- 
parative in vitro and in vivo experiments in the pres- 
ence or absence of intravascular blood. 



Patients and Methods 

Administration of Laser Energy to GSV Samples 

EVLT was applied as previously described in detail. 5 In 
brief, a 600 pjn bare fiber with an outer diameter of 1.00 
mm was connected to a 940 nm diode laser. Under in vivo 
conditions (see Patients), the fiber was inserted below the 
knee into the surgically exposed GSV. The fiber was ad- 
vanced proximally to the point of high ligation of the GSV 
and subsequently withdrawn in steps of about 3-5 mm while 
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laser energy was applied. 5 Identical laser parameters were 
chosen for the in vitro experiments with GSVs (see below). 

In Vitro Experiments With GSVs 

After classic varicose vein surgery of the GSV under tumes- 
cent local anesthesia, 7 * 8 the stripped vein segment was trans- 
ferred to a saline bath at room temperature. The veins were 
cut into pieces 10 cm in length, and each piece was ligated at 
the proximal end before the laser fiber was inserted from the 
distal end. The vein was then filled either with heparinized - 
blood (500 IU heparin/20 ml of blood) or with normal sa- 
line. After the distal end was ligated tightly around the laser 
fiber, single laser pulses of 15 J (15 W, 1 second) were deliv- 
ered every 3-5 mm during stepwise withdrawal o£ the fiber, 
tip. During the entire procedure the vein was bathed .com- 
pletely in normal saline solution. A total" of 10 specimens, 5 
filled with blood and 5 filled with normal saline during 
treatment, were subsequently fixed in formaldehyde, em- 
bedded in 1 mm rings in paraffin blocks, and studied histo- 
logically in routine hematoxylin and eosin stains on serial 5 
|im sections. Each section was evaluated with respect to_ 
signs of thermal damage at the site of direct laser impact, at 
the adjacent area, and at more distant sites. Particular atten- 
tion was given to the vein wall opposing, the site of direct la : 
ser impact; 

Patients 

Two patients scheduled for classic varicose vein surgery un- 
der tumescent local anesthesia 7 consented to undergo exper- 
imental EVLT in the interval between high ligation and 
stripping of the GSV. One patient received EVLT with a 
blood-filled GSV. In the second patient, conditions were 
identical, apart from the fact that blood was washed out of 
the GSV and replaced by normal Saline prior to EVLT. 
Complete replacement of blood by saline solution was con- 
finned visually by a flexible vascular fiberscope. The time 
interval between EVLT and in vagina ted stripping .was 15 
minutes. The vein was then cut into 2 cm sections, fixed in 
formaldehyde, and embedded in paraffin blocks for later 
histologic examination. 

Laser-Generated Steam Bubbles in Normal Saline, 
Plasma, or Hemolytic Blood 

An in vitro setup to measure laser-generated steam bubble 
sizes was used as previously described. 5 Diode lasers with 
810 am, 940 nm, and 980 nm were used with appropriate 
600 jxm fibers as provided by the manufacturers. Before 
starting the comparative experiments, the energy output of 
each device was calibrated at the fiber tip with a power 
meter. Before each experiment, the fiber tips were freshly 
cut to avoid secondary carbonization effects. Each laser 
wavelength was tested in tubes filled with normal saline, hu- 
man plasma, and hemolytic blood by administration of 
pulses between 3 and 16 J. Plasma was obtained by centrifu- 



gation of heparinized blood for 20 minutes at 2000 g. 
Hemolytic blood was produced by replacing the removed 
plasma with equal volumes of distilled water. 



Results 

EVLT was performed under in vitro conditions on 
GSV segments either filled with blood (n = 5) or filled 
with norma] saline [n = 5). In addition, EVLT was 
performed in vivo after high ligation but before strip- 
ping of the GSV, in a vessel filled with either blood or 
normal saline. The generation of steam bubbles in 
normal saline, plasma, -and hemolytic blood was ex- 
amined for laser wavelengths of 810, 940, and 980 
nm under in vitro conditions. 

Pathologic Examination of GSV Segments Receiving In 
Vitro EVLT 

A minimum of 20 hematoxylin and eosin-stained se- 
rial sections-of each vein segment were examined mi- 
croscopically. Detectable changes of the vein wall, at- 
tributable to endovenous laser action, were highly 
reproducible. Figure 1 displays representative cross 
sections of laser-treated GSV segments. In saline-filled 
veins, vein wall damage was exclusively confined to 
the site of direct laser impact (Figure IB), while adja- 
cent regions (Figure 1A) and, in particular, the oppo- 
site side of the vein wall (Figure 1C) show virtually no 
signs of tissue damage. In contrast, pronounced ther- 
mal damage was detectable along the entire vein wall 
in blood-filled veins (Figure 1D,E), even at the vein 
wall opposite the laser impact (Figure IF). 

Pathologic Examination of EVLT Effects on Surgically 
Removed Veins 

The histopathologic examination of veins stripped af- 
ter EVLT under in vivo conditions showed a similar 
pattern of thermal damage as the veins treated under 
in vitro conditions described above. Figure 2 displays 
representative sections of laser-generated complete 
perforations of the vein wall produced from the saline- 
filled (Figure 2A,B) or blood-filled (Figure 2D,E) vein. 
Again, the immediate site of laser impact exhibited a 
comparable extent of coagulative necrosis, regardless 
of whether the vein contained saline (Figure 2A) or 
blood (Figure 2D). However, even the immediately 
adjacent inner vein wall showed distinct differences in 
the extent of thermal damage (Figure 2A,B,D,E), with 
severe injury in the blood-filled vein and a virtually 
normal situation in the saline-filled vein. Also, the vein 
wall located at the opposite site of the laser impact 
showed heat damage in the blood-filled vein (Figure 
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Figure 1. Representative hematoxylin and eosin seaions of GSV 
segments after in vitro EVLT of A-Q saline filled veins or D-F) 
veins filled with heparinized blood. Under both conditions, direct 
laser impact causes perforation (A,B) or pronounced tissue abla- 
tion with focal coagulation necrosis at the immediate site of inv, 
pact (D,E). In contrast to the saline-filled vein (A,&),-the blood- 
filled vein exhibits more intensive and more remote injury to the 
adjacent vein wall areas (D,E). Likewise, superficial coagulative in- 
jury to endothelium, intima, and inner media are seen in vein wall 
areas on the opposite side of the laser impact in blood-filled veins 
(F), but are virtually absent in saline-filled veins (Q. At most slight 
tissue edema may be seen (Q. Original magnification 55X (A,D) 
and 140X (B,C,E,F). 

2F), while in the saline-filled vein, only minimal laser- 
induced thermal damage was observed (Figure 2C). ■ 

Loser-Induced Steam Bubbles in Normal Saline, Plasma, 
and Hemolytic Blood 

For laser wavelengths of 810, 940, and 980 run, steam 
bubble volumes were plotted against the administered 
pulse energy (Figure 3). If the tube was filled with nor- 
mal saline or plasma, no wavelength was able to pro- 
duce detectable steam bubbles with pulse energies up 
to 16 J (data not shown). In contrast, in tubes filled 
with hemolytic blood, steam bubble sizes showed an 




Figure 2. Histopathologic results of in vivo EVLT obtained from 
A-Q saline-filled or D-F) blood-filled veins. Arrangement of the 
panels as well ashistomorphologic changes are identical to those 
described in Figure 1 and in the Results section of the manuscript 



almost linear proportionality with the administered la- 
ser energy. Note that no major difference could be de- 
tected between the three laser wavelengths. This indi- 
cates that the absorption of all three lasers by 
hemolytic blood is strong enough to transfer the en- 
ergy completely into heat. 

However, we found that this was true only if fresh- 
cut fiber tips were used for each experiment. Other- 
wise carbonization of the fiber tip led to extremely 
high tip temperatures, causing additional generation 
of energy through combustion of organic compounds 
of the hemolytic blood (data not shown). 

Discussion 

Despite growing acceptance and a rapid clinical intro- 
duction of EVLT, the underlying mechanism of action 
of this novel technique is still not fully understood. In 
a recent report of Weiss 6 it was demonstrated in ele- 
gant animal studies that endovenous radiofrequency 
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Figure 3. Laser-induced steam bubble volume in hemolytic blood 
plotted against delivered pulse energy for wavelengths of 810 nm 
(rhomboid), 940 nm (square), and 980 nm (triangle). No steam 
bubbles were produced with any of the experimental conditions 
in normal saline or plasma (data not displayed). 



occlusion and EVLT have completely different modes 
of action. EVLT almost complet ely lacks the shrinkag e 
e&ecz of the vessels caused hY^pr ojpnged exposure to 
moderate heat (85°C) in radiofreq uency occlusion. In- 
stearyEVCr causes pe rfora t ion pflEeyein wall at the^ 
s ite of direct laser imgacty^as a m orphologfcnEbrrelate 
for the consecutively observed gra^ 
"In a previous report,- 5 we proposed tSat iase^gener- 
ated steam bubbles transfer a substantial amount of 
thermal damage to the vein wall during EVLT. These 
steam bubbles are created because of the high absorp- 
tion of 940 nm laser energy in blood, with a technical 
penetration of only 0.3 mm. In water, this penetration 
depth is as much as 45 mm, 9 which is more than 100- 
fold deeper than in blood. Conversely, this implies 
that the absorption of 940 nm laser energy in water is 
less than 1% when compared to blood. Since under 
the particular topographic conditions of an endovas^ 
cular laser fiber, a laser beam hits the vein wall within 

[a markedly shorter distance than 45 mm, it can be*] 
concluded that heat generation by laser absorption J 
cannot play a major role within a saline-filled vein. In I 
this case, a laser beam of less than 1 mm diameter, 
with a fluence of more than 1500 J/cm 2 , directly hits 
the vein wall, leading to complete perforating ablation 
of tissue (Figures 1A,B and 2AJB). 

Our experimental setup tested this hypothesis un- 
der in vitro and in vivo conditions, providing histo- 
pathologic evidence: In a saline-filled vein almost the 
entire amount of focused laser energy is transferred to 
a small area at the vein wall, while in a blood-filled 



vein the thermal damage extends over a much wider 
topographic range of the inner vein wall, including the 
perilesional area and even areas opposite the immedi- 
ate laser impact. This concordance between the in 
vitro and in vivo results suggests a sufficient correla- 
tion and validity of our in vitro model for the in vivo 
situation, despite the fact that under in vivo conditions 
the vein is much more compressed from outside by the 
presence of tumescent local anesthesia. However, one 
could speculate if a reduced, but still blood-filled, lu- 
men of the vein could even facilitate laser-induced 
damage: relatively lower energies would suffice, be- 
cause steam bubbles do not need to be generated in 
-sizes that would be necessary to transfer homogenous 
damage to larger veins. 

Evidence that blood plays not only a key role in ab- 
sorption of 940 nm laser-energy but also in absorption 
of 810 nm and 980 nm laser energy was provided by 
in vitro examination of steam bubble generation. 
While neither normal saline nor plasma were able to 
absorb laser energy substantially enough to generate 
steam bubbles, all three tested lasers produced compa- 
rable steam bubbles when exposed to hemolytic 
blood. Such steam bubbles, in all.three laser systems, 
indicate that blood temperature passes the point of 
boiling at the site of the laser tip, thus transferring 
heat energy homogeneously to the inner vessel wall. 
The formation of these steam bubbles during EVLT 
could easily be monitored real time by duplex scan- 
ning, even allowing a continuous pullback of the laser 
fiber with, the laser in continuous wave mode. One 
may speculate if with such a continuous pullback tech- 
nique, perforations of the vein wall during EVLT 
could be avoided. However, a too-slow pullback ve- 
locity would certainly lead to a completely perforating 
longitudinal cut in the vein wall. Further experiments 
are needed on this topic. Therefore we hope that this 
improved knowledge about the exact mode of action 
of laser-induced vein damage may contribute to an im- 
provement of en do venous laser treatment. 
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Endovenous treatment of the greater saphenous 
vein with a 940-nm diode laser; Thrombotic 
occlusion after endoiuminal thermal damage by 
laser- generated steam bubbles 

T. iVL Procbstic, MD, MSc,* H. A- Lehr, MD, PHD, b A. Kargi, MD, a C. Esp mo la -Klein, MD, C 
W. Rothcr, PhD, d S. Bethgc, MD, a and J. Knop, MD, PhD, a Mainz and Gtrmcring, Germany 

Purpose: D espire a rapid spread of the technique, very iirdc is known about the laser-tissue interaction in endovenous laser 
treatment (EVXT). We evaluated EVLT of the incompetent grcaier saphenous vein (GSV) for etBcacy, treatment-related 
adverse effects, and putative mechanisms of action. 

Methods: TwenTV-s rr pan'mrr wirh K™h>K nfritnimi stages C 2h5 , Ep, with incompetent GSV proven by means 

of duplex scanning were selected for EVLT in an outpatient setting. A 600-uxn fiber was entered into the GSV via on 
18 -gauge needle below the knee and proceeded to the saphcnofcmoral junction (SFJ)- After infiltration of tumescent local 
anesthesia, multiple laser_pulses of 1 5 T energy and a wavelength of 940 run were administered along the vein in a 
STanria Mired fashion. D -dinners were determined in peripheral blood samples 30 minutes after completion of EVLT in 16 
patients and on postoperative day 1 in 20 patients. One GSV that was surgically removed after EVLT was examined by 
means of his to pathology. Additionally, an experimental in vitro sex- up was constructed as a mnns of mvesri gating me 
mechanism of laser action within a blood-filled tube. - . 
Haute: A median of 30 laser pulses (range, 22-116 laser pulses) were applied along the treated veins. On days L 7, and \ \f 
28, ail limbs except one (V'/^J snowed a tfaxomboticaUy occluded GSV. In one patient, the vessel showed incomplete 
occlusion. The distance of the proximal end of the thrombus ro the SFJ was a median 1.1 cm (range, 0.2-5.9 cm) in the . , 
remaining patients. Adverse cfrens in all 26 patients were ecchymoses and palpable induration along the thrombotically \ \s 
oeduded GSV that lasted, for 2 to 3 weeks. In two limbs (6%), thrombophlebitis of a varicose'rributary required oral 
treatm ent with diclofenac. D-dimers in peripheral blood were tested with normal results in 14 of 16 patients 30 minutes 
after completion of the procedure and elevated results in 7 of 20 patients at day 1 after EVLT. However, an increase of 
D-dimers from day 0 to day 1 was observed in 15 of the 16 patienrs undergoing tests 50 minutes after EVLT and on day 

— 1 Q^ft nrT1 Inrwunr Hwnonrmfffl Kiy mmnc nfin'riirn rTprrimrnrc and rhr hicmptarhrtln^rn I fTnmin atioU of One 

erplanrcd GSV to act by means of indirect heat damage of the inner vein wall. 

Conclusion: EVLT of the GSV with a. 940-nm diode laser is effective in inducing thrombotic vessel occlusion and is f 
iwtfxi'atrH with only minor adverse efrVc B . Ir-aST-in d" indirect local heat injury of the inner vein wail by steam bubbles j^C 
originating from boiling blood is' proposed as the pathophysiological mechanism of action of EVLT. (J Vase Surg 2002; 
35:729-36.) 



For many patients of clinical stages CU to C 6 ~ with 
proven incompetence of the saphenorcmoral junction 
(SFJ) and refluxes along the greater saphenous vein (GSV), 
the standard surgical treatment still is high ligation of the 
vessel and its tributaries ar the level of the SFJ, with subse- 
quent stripping of the incompetent pan of the GSV. In the 
last decade, less-invasive techniques have been further de- 
veloped, particularly the use of tumescent local anesthesia 
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facilitated ambulatory phlebccromy 1 ' 2 or high ligation and 
stripping of the GSV. 3 " 5 * En the last tew years, a radio- 
uxquency hearing technique has been developed as an 
endoiuminal approach with a distal, microsurgical vein 
access producing excellent cosmetic results. 6 One cusrinct 
major difference compared with classic varicose vein sur- 
gery is that endoiuminal radio- frequency solely occludes 
the GSV without affecting tributaries at the Jevcl or" the SFJ. 
Such a strategy is pamculady remarkable, because it is 
generally accepted that recurrent varicose veins after sur- 
gery often have riheir origin in residual tributaries or" the SFJ 
or in a residual saphenous stump. A recent study that 
suggested that, at least with short-term follow-up, ex- 
tended ligation at the SFJ did not add much when com- 
pared with endoiuminal closure of the GSV alone 7 raised a 
very controversial discussion. More recenriy, a similar min- 
imally invasive technique, endovenous laser treatment 
(EVLT) or" the GSV has been introduced, 3 and, in contrast 
to transcutaneous laser treatmenr of reticular veins and 
vraulectasias, 9 ' 10 wc arc only starting co leum about the 
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Tabic L Characteristics of 31 created limbs of 26 
patients who underwent cndovcnous laser treatment, 
according to the CEAP classification 



XuTnbcr of 



Clinical sage 

C2 Varicose veins > 4 mm 

Co Edema 

C4 Skin changes 

C5 Hcaicd ulcer 

C6 Active ulcer 
Eriology 

Primary 

Secondary 
Anatomy 

Superficial veins 

Peribcamr veins 

Cockett n/m 

Sherman 
Deep veins 
Pathology 
Reflux 
Obstruction 



31 (100) 
25 (81) 
11 (35) 
0(0) 
4(13) 

31 (100) 
0(0) 

31 (100) 
17 (55) 
14 (45) 

3(10) 

0(0) 

31 (100) 
0(0) 



efficacy, adverse effects, and mode of action of this novel 
approach. 

This study was conducted to obtain more derailed 
clinical and hisror^thological data on the application of 
EVLT in patients with clinical stages C 2 _«, Ep, A^, P^ 
mduding an incompetent GSV. An in vitro set-up was 
devdoped and used as a means of further clarifying the 
- mndr of irrinn of E^T X n n r h r i nnr r v c ss r l wall. 



additional measures like inini-phicbectomy or sderothcr- 
apy were used as a means of treating tributaries of the GSV 
simultaneously. Roughly, the protocol was adapted from 
the paper of Navarro, et aL 8 After duplex scanning-guided 
puncture of the GSV below the knee with an 18-gauge 
venous catheter (Vasofcc, Braun, Meisungcn, German v), a 
J-rip guidewire (0.0 35 -in, Medex Medical, RossendaJc 
UK) was advanced by means of duplex scanning control 
toward the SFJ. A 5F angio catheter (Inhhiri, 100 cm, 0.97 
mm, vertebral, Cordis Europe, 9301 LJ Roden, Nether- 
lands) was shortened at the rip with a scalpd by approxi- 
matdy 5 cm to allow passage of the bare fiber more easily. 
The catheter was then forwarded over the guidewire until 
its rip was located approximatdy 1 cm distal to the SFJ. The 
guidewire was then removed and replaced by a 600-jim 
bare fiber with an outer diameter of 1.00 mm (Type 
D-6100-BF, Domicr MedianLascr GmbH, Gcrmcring, 
Germany) connected to a 940-nm diode laser (Mcdilas D, 
Domicr McdizinLascr GmbH). With duplex scanning con- 
trol, the laser fiber tip was passed through the rip of the 
angio catheter, thus extruding approximatdy 6 co 3 mm. 
with a final distance toward the SFJ of 1 to 2 cm. The 
correct location of the fiber rip could also be verified 
visually: in the darkened operation theater, the red (645 
nm, 1 mW) pilot beam .was detectable transcutaneous^. 
Tumescent local anesthesia was then infiltrated along the 
GSV from the SFJ down to the point of access, as described 
elsewhere, 3 and given 5 minutes to establish the anesthetic 
effect before the srarr of the laser treatment. Laser cnergv 
was delivered in a pulsed fashion with a 1 -second on and a 



METHODS 

Patients. Patients were sdectcd from our phleboiogy 
clinic as they "came in for evaluation of specific complaints 
As part ot their routine examination, all patients underwent 
functional testing, inducting duplex scanning (Sonositc 
180 plus, 4med, Eriangcn, Germany). When a clinical stage 
C, to C 6 with an incompetent SFJ and reflux in the GSV 
were revealed by means of the phlcbologkal examination, 
and thus an indication for high ligation and stripping was 
presented, patients were asked to choose between dassic 
varicose vein surgery or EVLT. Only three of 29 patients 
preferred classic varicose vein surgery, whereas 26 patients 
chose EVLT. However, patients made this decision after 
reading information and an additional personal discussion 
with the physician about EVLT, which, in contrast to 
surgery, so tar has no long-term fbllow-up, and the possible 
need for additional Dxarmcnr measures, inducting dassic 
surgery, later. Apart from the incompetent GSV, other 
incompetent superficial veins and perforator veins were 
tolerated, but not treated simultaneously to EVLT. Pa- 
tients with secondary varicosis with deep vein reflux or deep 
vein obstruction were not able to undergo EVLT (Tabic I). 
All patients gave written informed consent in accordance to 
the Helsinki declaration. 

Adminis tration of laser energy. The whole EVLT 
procedure was exdusrvcry limited co the GSV, and no 



seco nd off period? During the on puiud, 15 J uila^c * 
"encrgywere oclivcrcd witn a power of 15 W. During the off 
period, the fiber tip was rcrracred 5 to 7 mm. this cycle was 
repeated until a distance of 1 cm to the puncture site of the 
GSV was reached. In this manner, the laser treatment of the 
entire GSV lasted 3 to 5 minutes. Subscqucndv, the cath- 
- etcr was removed, and the patient received a full thigh class 
II compression stocking, resembling an ankle pressure of 
30" mm Hg, and was advised to walk immediately. Addi- 
tionally, as a precaution without any further rationale: 
low- molecular-weight heparin was administered subcuta- 
ncousiy for 5 days for thrombosis prophylaxis (Fragmin P. 
Pharmacia 8c Upjohn, Eriangcn, Germany). 

Concomitant duplex ultrasound scanning examina- 
tion. All patients underwent duplex ultrasound scanning 
exarninarions before EVLT, during EVLT, and after EVLT 
" on days 1, 7, and 28. During chc course of the examina- 
tions, patients underwent scanning for refluxes in superfi- 
cial veins,, in the deep vein system, and also in perforating 
veins. Patients with an incompetent or ocduded deep vein 
system were exduded from EVLT. Concomitant incompe- 
tent pcribraror veins or pathological findings in the super- 
ficial vein system were recorded, but did not prevent pa- 
tients from receiving EVLT if the GSV was open and 
incompetent from the SFJ down to below the knee. 

During EVLT itself, duplex scanning was particularly 
helpful in identifying the GSV ar the puncture site, when 
necessary after full length down-scanning of the GSV from 
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die groin or up from the ankle. Duplex scanning was 
turchcr an important means of localizing the precise posi- 
tion ofthc laser tip close to the SFJ before aarrunistration of 
cumcscent local anesthesia, because afterward, because of 
the massive subcutaneous fluids, recognition of anatomical 
structures was almost impossible. 

With scheduled duplex ultrasound s cannin g concrol 
ruminati ons on days 1,7, and 28, a full-length scanning of 
che created vein was included as a means of demonscrating 
homogeneous thrombotic occlusion. Occlusive thrombo- 
sis was supposed when the vein was completely filled by an 
incompressible hypocchogenic mass and when no fluxes' 
were detected within che vessel, lumen. S imilar ly, in chc 
region of the SFJ, che proximal ending of the thrombus was 
decermined by means of compression and detection of 
fluxes. The distance of chc proximal thrombus ending 
coward the junction with che deep femoral vein was mea- 
sured. At day 28, che hypocchogenicity of the thrombus 
had almost disappeared. However, the lack of fluxes and chc 
remaining incompressible vessel still allowed sufficient con- 
clusions. Additional scanning of chc deep vein system ex- 
cluded a thrombotic affection there. 

"Testing for D-dimers in peripheral" blood. After 
detection of EVLT-induced thrombotic occlusion, rather 
than an immediate closure of che GSV, we scheduled 
D-dimer testing for every patient. With the exception ofthc 
first six patients, D-dimer values (Tmaquant D-dimer, 
Roche Diagnostics, Mannheim, Germany) were scheduled 
to be determined from blood samples obtained 30 minutes 
and 1 day after chc EVLT procedure. According to chc 
manufacturer's dau .sheet, D - dimei valuu> bUuw Q.50 — 



mg/L were considered to be within normal limits. How- 
ever, because of technical reasons, blood sampling failed in 
four patients 30 minutes after EVLT. 

Histopathologic exammation. One patient gave in- 
formed consent to undergo EVLT as part of his routine 
varicose vein surgery procedure, which included extended 
high ligation of chc SFJ and subsequent stripping of chc 
incompetent parts of che GSV. EVLT was administered 
immediately after completion of extended high ligation, 
but before stripping of che GSV. The created vein was left in 
place for another" 15 minutes and men removed bv means 
ot snipping. The removed vein was phocodocumenccd (Fig 
1, A) and histopathologically examined with hematoxylin 
and cosm staining. 

Mechanism of laser action. As a means of evaluating 
che mechanism of action of the 940-nra laser beam wichin 
the vein, an experimental set-up was designed (Fig 3, A). A 
silicone cube with an inner diameter of 6 mm was con- 
nected to a transparent cube with an inner diameter of 2 
mm. The cube system was then filled with heparinized 
blood. From che opposite side, che laser fiber was inserted 
into the middle of the silicone cube. Difrcrcnt amounts of 
laser energy were men applied by means of variation of 
either laser power or pulse duration. With each laser pulse, 
the extension of chc volume within che svstem was assessed 
by cbcumenring the change in chc blood level within the 
2-mm cube. Acyimdrical volume calculat es as V = h x irr 2 



(eg, if ajaser pulse produces a movement of the blood level 
of h = 54 mm, che laser generated steam volume calculates 
asV= 54 mm X-rrfl = 170 mm 3 , corresponding to i 
a steam bubble length of 6 mm in a tube with a diameter of / U 
6 mm). The temperature of che steam bubble is supposed / ^ 
to be close to 100° C and, once generated, should stay on' 
chis level constantly throughout its increase of volume, as it 
is known in the physics of phase eransitions. 

RESULTS 

Twenty-six patients, 21 with unilateral and 5 with 
bilateral incompetent GSV, received EVLT bv means of a 
940 -nm diode laser with cumcscent local anesthesia. Nine- 
teen patients were women (73%), and seven patients were 
men (27%), with 22 and 9 limbs created, respectively. The 
median age of chc patients was 57 years (range, 27-83 
years). Before treatment, the median diameter of the GSV 
was 6.0 mm (range, 4.0-9.9 mm) at che level ofthc SFJ. In 
our relatively small cohort with a spectrum of clinical stages 
(Tabic I), che GSV diameter did not correlate with chc body 
mass index of the patient (data not shown), chc median of 
which was 26.6 (range, 20.0-39.7). The median amount of 
infiltrated cumcscent local anesthesia was 650 mL per limb 
(range, 250-1000 mL). 

Technical skills- Initially, before the use of duplex 
scanning for guided puncture of the GSV, access to che 
GSV failed in cwo of seven patients. These two patients 
underwent subsequent classic surgery. In four additional 
cases, insertion ofthc guidewire from below the knee to the 
SFJ was not possible in one step because of pronounced 

LULLuusicy uf die G SV. In three of these four cases, an 

additional puncture of che GSV approximately 15 cm above 
che knee allowed crearmentin cwo parrs. In one case, EVLT 
was limited to the proximal 20 an of chc GSV because of 
che technical inability to obtain a ccess to che more enseal 
part of the GSV. 

However, in all cases, -duplex scanning-controlled 
placement of chc fiber tip was achieved within a distance of 
1 co 2 cm distal from che SFJ. In patients who were not 
ovcrdy obese, chis position could be visualized by means of 
transcutaneous illumination of che piloc laser beam. In our 
series of 31 limbs in 26 patients, this was true in four limbs 
of chrce male patients with a body mass index between 31.5 
and 39.7. However, even in chose obese patients, transcu- 
taneous detection of chc laser piloc beam was possible after 
applying gentle pressure to chc overlaying skin. 

Effects of endovenous laser treatment. During 
seep- wise removal of the laser fiber, a median of 80 pulses 
(range, 22-116) of 15 J energy each were delivered, corre- 
sponding co a distance of 5 co 7 mm between laser pulses. 

On days 1, 7, and 28 after treatment, enrornbone 
ocdusion of chc GSV was noted in ail cases. In 30 of 31 
limbs (97%), the thrombotic occlusion was complete from 
chc distal puncture sire, reaching proximally up co a median 
distance of 1.1 cm (range, 0.2-5.9 cm) from die SFJ. In one 
limb, the proximal ocdusion ofthc GSV tailed over a length 
of 20 cm despite complete ocdusion of more distal parts of 
the GSV. The diameter ofthc GSV at the SFJ was 9.9 mm 
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Kg 1. Macroscopic and microscopic hematoxylin and cosn-siained histopathologic examination of a GSV mar has 
undergone EVLT before snipping. A,- Outer surface of the endovenousry laser- oxared GSV. Dark spots resembling 
carbon izarion, or even full pcrfbrarion of the vein wall, were caused by direct irn parr 0 f the 940-nm laser beam, B, 
mrimal tear next to a QOn-pcrfbrarin g laser hit, C, Vein wall disruption caused by direct laser imparr D, High 
magnification of the margin area, of vein wall disruption showing pronounced thermal damage, including carboruza- 
non. 



and, therefore, the largest diameter of me whole series. 
Additionally, in this patient, we found by means of duplex 
scanning control a large caliber tributary with high blood 
flow feeding the GSV at the distal open point- 
Adverse egr ets . After the local anesthetic effect sub- 
sided after EVLT, slight to moderate local pain was re : 
ported by all patients over the treated vein. Also, moderate 
ecchymoses, most likely caused by laser-induced perfora- 
tion of the vein wall, could be observed in every patient at 
the inner thigh and knee region from the next day do 
approximateiy 2 weeks later. However, these ecchymoses 
were not as pronounced as they are usually with classic 
varicose vein surgery, and no hematoma was found. For the 
first 2 to 3 weeks after EVLT, also a slighriy shorter period 
than frequently observed with classic surgical procedures, 
an mdurarion was palpable along the treated GSV, and this 
was experienced by the patients as slight to moderate p ain 
during exrended movement of the Leg. A thrombophlcbitic 
reaction developed within an untreated varicose tributary at 



the distal thigh in two patients 2 and 5 days after EVLT. 
Oral treatment with diclofenac (75 mg, slow release, three 
times a day) resulted in immediate pain control. Hyperpig- 
mrn ration developed in one patient over the thromboti- 
caily occluded GSV, which was still visible at 4 weeks after 
EVLT. All other patients were free of adverse effects at 4 
weeks after the procedure. No other adverse effects or 
complications were reported. 

D-dfmers in peripheral blood. In 16 patients, D- 
dimer levels in peripheral blood were evaluated immedi- 
ately after EVLT, and in 20 patients, blood samples were 
drawn on day 1 after EVLT (Table II). D-dimer levels were 
tested with normal results in all samples except one ob- 
tained 30 minutes after EVLT, with a median value of 0.39 
mg/L (range, 0.09-0.80 mg/L). When D-dimer levels 
were tested at day 1 after EVLT in 20 patients, a median of 
0.43 mg/L (range, 0.24-1.73 mg/L) was found. How- 
ever, only seven blood samples showed D-dimer levels 
exceeding the upper limit of 0.50 mg/L. Although the 
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Table IL D-dimcr levels in peripheral blood of patients who underwent endovenous laser treatment 



30 minuses after 
EVLT' 



I day after EVLT 



Katie 1 day/30 i 



Patients widU limb treated 



Patients with 2 limbs rreaied 



AJJ patients 



Median 0.30 mg/L 
(range 0.09-0.80) 
q ~ 13 

Median 0.45 mg/L 
(range 0.44-0.48) 
a c 3 

Median 0.39 mg/L 
(range 0.09-0.80) 
n = 16 



Median 0.33 mg/L 
(range (U4-1.73) 
o= 16 

Median 0.68 mg/L 
(range 0.50-0.91) 
n = 4 

Median 0.43 mg/L 
(range 0J24-1.73) 
n = 20 



Median 1.39 
(range 0.88-3.67) 
o= 13 
Median .1.82 
(range 1.15-2.02) 
o = 3 

Median 1.43 
(range 0.88-3.67) 
n= 16 



EVLT, Endovenous hsrr 



absolotc values remained mosdy within normal limits, D- 
dimcr levejs were shown by means of mrraindividual eval- 
uation to increase from day 0 to day 1 in 15 of 16 patients 
who underwent both tests. The median increase ratio was 
1.43 (range, 0.88-3.67), reflecting the process of throm- 
bode occlusion of the GSV. When separating the patients 
who received unilateral EVLT from patients who had a 
bilateral procedure (Table II), it looks as if patients .with , 
both limbs* treated did not present the very low D-dimcr 
values that arc occasionally observed in patients with one 
limb treated. This observation might relate to two throm- 
botic processes instead of one, but also might be inflm-nrrd 
by the thrombotic process having proceeded somewhat 
more in the first limb of those patients with bilateral EVLT. 
Unforainareiy, the numbers are small m -Table- II and 
therefore do not warrant 5 



During the experiments with heparinized blood in a sili- 
cone tube, we observed that a steam bubble formed during 
delivery of laser energy, and.it collapsed immediately after 
discontinuation of the laser pulse. When we plotted the 
maximum volume of the laser-generated steam bubble 
against the amount of laser energy delivered, it showed a 
linear correlation (Fig 3, Q. As calculated in the Methods 
section, a typical laser pulse with an energy of 15 I produced 
a steam-bubble of approximately 6 mm in a 6 -mm diameter 
vesscL As shown in Fig 3, Q the formation of a steam 
bubble required a threshold energy of about 1.5 J. This 
threshold energy is needed to hear up the surrounding 
blood unol it reaches boiling ternperanire. A laser pulse 
energy below this level would only heat the blood, without 
any steam bubble formation. 



l analysis. 

Pathologic examination of the endovenous laser 
trea tment stripped vein- Macroscopkairy,' the vein wall 
showed reddening, carbonization, or even perforation at 
chose sites where the fiber rip was closest to the vein wall 
during delivery of laser energy (Eg 1, A). Kirh«- r gross vein 
wall destruction associated with direct impact of the laser 
beam (Eg 1, B-D) or less pronounced heat-mediated vein 
wall injury (Eg 2, £ Q was demonstrated by means of 
microscopical examination of corresponding hematoxylin 
| and eosm-staincd slides. The heat injury demonstrated in 
j Fig 2, £ and C, was consistenriy detectable along the 
j distance of 5 to 7 mm of vein wall, between the direct 
impact of two laser impulses, and is, in our opinion, the 
basis of a subsequent homogeneous thrombbric occlusion 
of the vessel At those sites of direct laser action, the most 
destracrivc patterns of tissue damage can be observed: 
perforating and non-pcrfbraring vaporization of the v ein 
wall, carbonization of the arijarrnt tissue margins, and 
intimal tear in response to the explosion-like delivery of 
high energy densities, called photo-disruption. However, 
because a stripping was performed after EVLT, some of the 
destruction observed, like intimal tears, may originate from 
the snipping procedure rrsel£ 

Mechanism of action of the 940-nm diode laser. 
Adminis tration of different amounts of laser energy in the 
in vitro set-up was used as a means of evaluating the 
purarivc mechanism of laser anion wirhin the vein (Eg 3). 



DISCUSSION 

The principal finding in this study is that EVLT with a 
940-nm diode laser system, when performed under tumes- 
cent local anesthesia, is a dinically feasible and wcil-tolcr- 
arcd technique. Because of vein access via an 18-gaugc 
needle, it is a truly minimal invasive procedure, leaving a 
virtually invisible scar On the patient's drjn . 

The efficacy of EVLT in obtaining earfy occlusion of 
- the GSV is -very satisfactory. Even if these arc very carry 
results, irnmediatc closure rates of 97% in our series and 
100% reported by another group with the 8 10- am diode 
laser 3 provide a rationale for further evaluating this new 
method. 

A major emphasis of this study was placed on the 
mode of action of this novel technique: technically, the 
depth of pcucrrarion of a 940-nm laser beam into blood 
is only approximately 0.3 mm. u Also, the laser beam 
remains focused to a very small spot after leaving the fiber 
tip. Although these characteristics of the laser beam 
could explain a focal perforation of the vein wall (Fig 1, 
Q D) immediately adjacent to the fiber tip, this would 
not adequately explain the widespread injury to the vein 
wail observed in the vicinity of the perforation sites (Fig 
2, B, C). With our in vitro set-up, w C could identify 
steam bubble formation at the laser tip (Fig 3, B). The 
volume of the laser- generated steam bubble correlated 
dirccriy to the laser energy (Eg 3, Q. Because such a 
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steam bubble formation is expected to occur within the 
vein lumen during EVLT, we propose that this phenom- 
enon accounts for the thermal injury to an extended 
surface of the inner vein wall. 

In a recent paper, Sadick et al 10 reported histo patho- 
logical alterations of reticular veins and venui ectasias after 
transcutaneous ncodyniium/vrnaum-aiuniinum* garnet la- 
ser treatment that compare well wim. our findings. This 
opens the question of whether also in transcutaneous laser 
treatment of smaller v eins the crucial damage of die vein 
may involve a similar steam bubble-mediated, hence indi- 
rect, thermal injury, rather than the immediate highly fo- 
cused damage by the laser beam itself. 

Steam bubble formation is a local, instantaneously 
reversible phenomenon that, after collapse of the bubble, 
poses no risk, such as gas embolism, to the patient. 
However, the extensive heat damage of the endothelium 
and the intima does induce the desired effect: full-length 
thrombotic occlusion of the vein. The complete throm- 
botic occlusion, however, is not detectable immediately 
after EVLT, but can be recognized at day 1 by means of 
a simple duplex scanning examination, which shows an 
incompressible, hypocchogcnic cord in the lumen of the 
saphenous vein. This thrombotic occlusion is also re- 
flected in all patients with an increase of D-dimcr levels in 
peripheral blood by a median factor of 1.43. Because in 
our study and another study 3 no EVLT-induccd deep 
vein thrombosis occurred, it seems very unlikely that the 
EVLT-induced thrombotic process of the GSV has a 
concomitant risk for deep vein thrombosis, as is known 

for superficial thrombo phlebitis." However, it remains— 

unclear whether such an hypothetical risk of deep vein 
thrombosis docs indeed exist or whether it is only so 
much lower compared with superficial thrombophlebi- 
tis 12 that it can only be detected in a larger series of 
patients. 

Other commonly observed adverse effects with EVLT 
arc induration along the GSV and mfld-co-moderatc ccchy- 
moscs. These ccchymoscs, present for approximately 2 
weeks, could be a cosmetic problem for patients who are 
expecting a minimally invasive, barely invisible treatment of 
their GSV incompetence. In this respect, EVLT would 
compare unfavorably with cndolurninal radio- frequency 
closure. However, when weighed against the potential 
nerve damage after endolnminal radio-frequency treatment 
with subsequent skin pares thesis in as many as 16% of 
patients, 7 such an entirely reversible adverse effect seems 
quite acceptable. 

Less frequent adverse effects, like dorombophlebins of 
untreated tributaries or appearance of hyperpigmentation 
along the GSV, need to be followed and documented as the 
number of patients and EVLT procedures increase. At least 
the risk of thrombophlebitis could be avoided completely if 
varicose tributaries, unlike in me present scries, are treated 
in the same session (eg; with ondni-phlebectoray). 1 * 2 

Finally, it remains to be established whether EVLT 
induces effective long-term occlusion of the treated veins. 
Recurrent reflux,' either originating from the SFJ or reoc- 




Kg 2- Indirect, steam bubble-mediated thermal damage after 
EVLT, several mfllimcrrrs away from areas of direct laser impact. 
A, Control: normal varicose vein after stripping without earlier 
EVLT, with intact endomcfinrn and distinct ceUnlar contours. The 
nndci arc round to ovaL B, EVLT resulted in a lift-off of endo- 
rti i-f?al cells, a denudation of the inrfmn loss of cellular co n ro nr s. 
and fibrin deposmon. Additionally, some areas show marked vac- 
uoUzanon of cells or even spongiosis. C, Swelling and waxy ho- 
mogrm*7arion of collagen- Focal. coagulation necrosis within, the 
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tube dj = 2 mm 




i 

A steam bubble laser fiber 




E 250 i 

E " 




C Pulse Energy [J] 

Hg 3. A, Schananc drawing of the in- vitro set-up for examining the iaser-genexared steam bubble formation. The User 
Gber was inserted into a silicone tube of 6- mm -diameter fitted with heparin iz rd blood. During delivery oflaser energy, 
hating boiling of the blood finally lead to the formation of a steam bubble, pushing die corresponding blood 
volume our of the tube. Thus, me* -movement of the blood level in the smaller 2-rnm-diamcrrr tube allowed the 
calculation of the volume of the steam bubble in reverse. B, Visible steam bubble formation during delivery of a laser 
pulse of 15 J. C, Dependency of the steam bubble volume for various amnn^ of energy delivered by the laser, beam. 
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curring within rccaualizcd pares of the GSV, has co be 
foilowcd dosciy. Oniy long-term foUow-up in prospective 
trials will be able co answer this question. 

We thank Mrs Wcingarmer for skilled technical support 
and Mrs Gartner for excellent preparation of the samples 
for histopamologicil examination. 
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a the Dornier 940 nm laser is the most effective 
to utile for the treatment of spider veins. Thfc same 
laser will also replace stripping in 85% of patient* 
who have saphenous win insufficiency. J) 
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The highly unique light of a 340 nm 
wavelength ensures precise targeting of 
vessels because of its: 
0 Deep penetraaon 

o jpiirr-c:! 3- S0r pj iijr : characteristics 

'Mrr^:ioo.r, - jx more -nsr- an 51 j or 1064 
■si: ii:?.er- 

o Opumai absorption characteristics tor water 
1 10x more than an 810 nm laser, ana 3x 
more thsr. a 1064 nm laser) 

o Minimal melanin absorption when compared 
:o other lasers (3x less than an 8iQ nm 
iaser. which enables treatment of darker 
SKin-types) 

These absorption cnaractenstics result in a safer 
and more effective treatment for both spider and 
varicose veins 




Dornier DS40 Diode Laser System 

Dornier specifically chose the 940 nm wavetengm to 
cesign the DS40 dioae laser system for the treaimem 
of superficial veins, as well as saphenous vein 
insiifRciency. 

The Dornier D940 is the ftrst and only laser to emit 
light 3t 940 nm and is engineered with the newest 
PowerSar* technology to provide high peak powers 
from a small package. 

Weighing onty 55 pounds, the Dornier D940 is 
lightweight and easily transportable, with a retractable 
handle and built-in wheels. Plugs into any 110-volt 
outlet and is backed by Dormer's nation-wide service 
organization. 



Dornier MedTech 
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980nm Diode Laser Series 

baoUtec'5^Mp^^^0 Laser Series, including the 
Cerates O and SmilePro'SgQ Users, are idee! for 
soft-tissue applications in medical, dental, and 
veterinary environments. 

I With unsurpassed, optimal absorption in water and 
I hemoglobin, the 980 nm laser series allow controlled 
I tissue ablation and provide a bloodless field for most 
i surgical procedures. Unlike other medical lasers, 

otitec's 980nm lasers cut and coagulate optically 
- with negligible collateral tissue damage, charring, 
and recession. Many procedures using the 980 nm lasers are pam-free, minimizing 
or even eliminating the need for anesthesia. These state-of-the-art 980nm lasers 
are compact 3nd portable at 15 pounds and recuire no special cooling or 
maintenance. 

More information about the SmiiePro 980 for Dentistry. 

More information about the Cerates 0 for medical applications. 




ELVeS™ - 

ELVeS is a revolutionary new minimally-invasive laser treatment for superficial 
reflux of the greater saphenous vein - which may lead to varicose veins. 
Progressing the capabilities of vein treatments, ELVeS takes about 45 minutes 
and only local anesthesia is used - allowing patients to walk home after 
treatment 1 With virtually instant relief from venous reflux, patients can return to 
chen nonnaj lifestyle and activfoes immediately ro flowing treatment. 




http://vww.bioiitec^ 



6/16/05 



biolitec Specialties 



Page 2 of 3 



Other laser Wavelengths 



Other lasers' wavelengths are citner easc'Deo too rn-jch cr tec licris in water 
and / or hemoglobin 2 no i>r-;- consequently fj.Tiitse in ssver2i ways. 

The 810 nm lasers' energy is eight times /ess absorbed in water than the 980 nm 
wavelength. Therefore, 810 nm lasers' fibers require 'conditioning 1 because their 
wavelengths can not properly ablate tissue. The conditioned tip of these lasers' 
fibers needs to heat up in order to work. In addition, the light energy from these 
lasers is absorbed in their fibers' tips - not in water, hemoglobin, or tissue. The 
laser light never reaches the patient - only the heat via a 'hot tip. 1 

Conductive heat is the only means of cutting and coagulating with lasers that 
require conditioned tips - which can damage collateral tissue and cause swelling, 
excessive necrosis, and patient discomfort. 



The 980 nm Wavelength 



A major benefit of the Ceralas D 980 nm Laser's unique wavelength is the ability 
to operate optically - not via a 'hot tip.* Because hemogictitn anc v.-ater aosorD 

th~ 98G nm wavelength a; an 
optimal rate, the fioer tips of 
the Ceraias O laser do not 
require conditioning. 

Because the Ceraias 0 exhibits 
superior control and minimizes 
collateral tissue damage, it is 
one of the most valuable and 
versatile lasers available today. 
"Although the 810 nm diode 
laser has been used for 
endogenous treatment, 1 feel it 
is not the best wavelength, as it 
does not absorb well m water,* 
says John Mauriello, MD, a 
phleboiogtst in private group 
practice with offices in Charlotte 
and Durham, North Carolina, 
nrhe 940 nm diode laser is better than the 810 nm because it is on the up-sJope 
of the water absorption curve. But my research convinces me that 980 nm 
is the perfect wavelength because it is right on the peak of the water 
absorption curve." 
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The Importance of a Laser's Wavelength: 
Advantages of 980 nm 

A laser's wavelength determines many of its properties and capabilities. As a 
result of biolftec's extensive research in pnotobiology and laser physics, we nave 
developed a series of 980 nm lasers that exhibit unparalleled iasing effects. 

Since soft tissue contains a high percentage of water and nemcclooin, a laser's 
light energy must be well absorbed in both to cut and ccagjiate'optimally) 
Considering the absorption characteristics of water and hemoglobin together. 980^ 
nm ( « ir.e «cea? wavelength for sort v.ssve appljcac:ons * inducing rhe elves 
» reatment for superficial reflux of cne GSv, wnich often lesds to varicose veins 
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SmilePro 980 Technical Specifications 



Laser Type 


Integrated GaAlAs semiconductor laser 
arrays 


wavelength 


980 nm 


Output power 


15 Watts 


Power Renge 


I - 15 W 


Output power increments 


1 Watt 


Operating modes 


Continuous or Pulsed 


Pulse duration in On or Off modes 


0.0! to 99.9 seconds 


Aiming beam 


Visible semiconductor (635 nm, red) 4 
mW 


Coohng 


Air cooled 


Wetam 


IS lbs 


Dimensions 


?" x 9" x 14' (n x w x d) 


Power requirement 


110/220 V 


Ceralas D Technical Specifications 


Laser Type 


Integrated GaAJAs semiconductor laser 
arrays 


tNiaxeiesnsna^ 


i-i9.S.0IrjiiiH| 


Output power 


T5*W,~2'5 T W, SO W 


Power Ranoe 


1 - 15 W, 1 - 25 W, 1 - SO W 


Output power increments 


1 watt 


Operating modes 


Continuous or Pulseo 


Pulse duration in On or Off modes 


0.0 1 to 99.9 seconds 


Aiming beam 


Visible semiconductor (635 nm, red) 4 
mW 


Cooiins 


Atr cooled 


Werqht 


14 IPS {15 W. 25 W); 19 IDS (50 W> 


Dimensions 


7" x 9" x 14" (15 W, 25 W); 7* x 15" x 
16" f50W) 


Power requirement 


110/220 V 



For more information, contact your local sales representative or send an email to 



Home | Aipo.u.t.Us | Specialties | Products I News/ Events | QinicelJr 
investors | Patient Information | Con;acr„L_s 

© 2004 tooJitec, Inc. All Rights Reserved Terms of use 
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Laser Type 



n 



Integrated GaAlAs ' ... 
semiconductor laser arrays':. 



Output PoVtfer^ t : ^ • f^yy 



Pcawer Range/, < 



1- : 15 W. 



Increments 



1;Of5 W 



Operating Modes £ 



/ , .Cpnfa'nugus^ Pulsed 



Pulse Duration";QN/6|:F. T" 



0.01 to 99.9 sec 



Aiming Beam 



r 6^5'niru 4 rhW 



Cooling 



t-.-Air cooled V 



Pimensipns ^^^} f C ■ /V^^^'.y, ,/ j 
Power Requirements; ' $ -. -cy .. ? > ill Q/,220. V! : : • • . : . * 




Ordering Information 




NEW VenaCure 1 * Procedure KM 45cm 


11402001 


NEW VenaCure™ Procedure Kit 65cm 


11402002 


Precision 980™ Laser 


11400201 


Laser Safety Glasses 


11401601 


Physician Welcome Kit 


11402301 


Patient Brochure Holder 


11402601 


Patient Brochures 


11402701 


Patient Education Video 


11402501 


Patient Direct Mailer Card 


11402801 



AngioDynamics 8 



INCORPORATED 



AngioDynamics* Inc. 

603 Queensbury Ave, Queensbury, NY 12804, U.S-A. 

Phone: 518-798-1215 Fax: 518-798-1360 ToW=ree VSJ>c 1-600-772-6446 

vvvvw.angiodynarnicsxom 

Vena Cure. Precision 610. Precision 980, Tre-Sheath. and Sheath-Ink / . 

are trademarks of AngioDynamics? Inc. ; y 
AngioDynamics is a registered trademark of AngioDynamics. 0 Inc. 
US Patents and Foreign Counterparts Pending 
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Vari0LaseL^_ 

VALVE 



*■ k 



Vascular Solutions* commitment 
to helping you build a successful 
vein practice 



Professional Products 
Professional Service 
Professional Support 



Vascular 

▼solutions 



Vari-Lase Value... all the professional products, services 
and support you need to build a successful vein practice 



A complete line of professional Vari-Lase 
products for endovenous laser therapy 

• Vari-Lase procedure kits 

• Vari-Lase 810 Laser Console 

- Fibers, catheters and other product accessories 

Vari-Lase products are designed with the vein practice in mind The Vari-Lase 
kit is not just a box of components but a professionally designed procedure kit for 
endovenous laser treatment of superficial venous reflux. This kit comes in a variety of 
configurations. In addition, Vascular Solutions offers a full line of rnicro-mtroducer 
kits, tear-away kits and guidewires — evexythingyou need to keep your practice 
rurxning smoothly 



Physician Training - Clinical & Business 

Vascular Solutions is dedicated to providing the finest vein care training available 
for physicians and their staff. 

With training centers located throughout the United States and Germany, Vascular 
Solutions offers its partners the most comprehensive education available on the 
clinical procedures and practice management of total vein care. 



Stop Hi 



Marketing & Advertising Support 

Vascular Solutions provides real assistance in getting the word out about your 
vein practice. Marketing assistance includes: 

• Selection of customized display ads designed for use in newspapers, yellow 
pages and various graphic designs 

• Set of customizable press releases for use in a wide range of publications 

• Consultation with a designer when preparing advertisements 

• Powerpoint presentation on vein disease for use in public forums, such as 
health fairs \ ?. 



Vascular Solutions 
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SOLUTIONS 




* HOME 



3 Bade to Products 



Yari-Lase endovenous procedure J> 
kit 



CHff Products- 

Select a p*o?iuci to l^ammpts 
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Vari-Lase Endovenous Procedure Kit. 



Varl-Lase- the professional endovenous 
procedure kit. 



Vari-Lase is not just a box of components but a 
professionally designed procedure kit for endovenous 
laser treatment of superficial venous reflux. 

The Vari-Lase procedure kit is indicated for the 
treatment of varicose veins associated with superficial 
reflux of the great saphenous vein. 
The Vari-Lase procedure kit can be used in conjunction 
with any solid state diode laser console accepting a 
standard SMA-905 connector and operating at a 
wavelength of 810nm, 940nm, or 980 nm and a 
maximum power of 15W. 



Easier -fiber dep^^ni'sin \ 
Vari-lase fiber Spool 



Duet*, Duett Pro, Diagnostic Duett Pro, D-Stat, Pronto and Vari-Lase are trademarks of Vascular Solutions, Inc. Acolysts Is a registered tn 

Vascutar Sok 



©1599-2004 Vascular Solutions Inc. All rights reserved. Te 

Vascular Solut 
6464 Sycar 
Minneapolis, 
763 
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Equipment 



EVLT* is performed with a 1 5 watt, 8 1 Onm DIOMED Diode 
Laser that is 

Compact and portable - fits in the treatment room and can 
be transported easily 

Quick to set up - runs from a standard electrical wall socket; 
ready for use in seconds 

Easily maintained — designed as a solid state system and has 
no moving parts 

Easy-to-use - gives immediate access to treatment options 
and operating modes 

Versatile - can be used in 'transdermal applications to treat 
spider veins and smaller vascular lesions (D30 Plus) 

Disposable accessories are provided in a convenient "single use" 
EVLT* Procedure Kit that includes: 



EVLT* laser fiber with 
SiteMarks" 

* Percutaneous entry needle 
or micro-access lot 



k Guide wire 

' Custom introducer sheath 
with graduated markings 
(standard and long version) 



PRECISELY THE RJGHT WAVELENGTH 

The specific 8 1 Onm wavelength used in EVU* is set to target vein 
treatment. Its safety and efficacy have been tested and proven in 
multiple dintcal studies. 




A red ain«ng beam identifies the aacx petition of the fiber within the von. 





Specialists in interventional Radiology. 
Phlebokigy.and Vascular Surgery helped design 
che EVLT procedure kit with their patients and 
practices in mind k is easy n> use, economical, 
and convenient. 

Safety Ensured: The first Sterfcrk" tefls 
the user that the fiber dp b at the end of the 
sheath. Drawing the sheath back to the secnrvJ 
SteMaric' brings ihe fiber out three centimeters 
and positions it property at the sapnenofemoral 
junction. 




